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described by Dr. Chen in his Declaration at fflf 6-12. These steps involve 1) culture of 
the biological sample in an isolation medium such as MacConkey agar, CLED agar, etc. 
for isolation and further biochemical testing; 2) growth of isolated colonies on a 
nonspecific medium; 3) biochemical testing of suspected colonies to definitively identify 
them; 4) antimicrobial susceptibility testing. This process usually takes 3-4 days and 
requires skilled workers to perform it. 

The present invention is a marked improvement over the prior art because it 
reduces the test protocol to a single step that can be done in 24 hours with workers of a 
much lower skill level The present invention provides a uropathgenic specific medium, 
which allows for the substantial growth of only the primary gram negative uropathogens. 
The prior art does not teach or suggest such a medium. The MacConkey agar referred to 
by the Examiner is simply an isolation medium for the isolation of gram negative 
bacteria for later biochemical identification. The present invention also provides an 
antimicrobial susceptibility interpretation medium. Thus is another claimed element not 
taught or suggested by any reference(s) cited by the Examiner. 

Johnson discloses only a device for use in exposing a test sample to a variety of 
antibiotics and for determining the susceptibility of microorganisms to those antibiotics. 
The device has multiple growth wells in which concentrations of suitable agents are 
predeposited and dried and rehydrated with inoculum (Col. 2, lines 27-34). The figures 
of the Johnson reference provide illustrations of the device. Johnson does not describe 
any growth medium whatsoever. Thus, any medium to be used in the device must be 
those available in the prior art or otherwise provided by the user. 

Libman teaches a device for collecting body fluids, particularly the mid-stream 
collection of urine (Col 1, lines 66-68), and for inoculating a bacterial medium with a 
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body fluid soon after the fluid leaves the body (Col. 2, lines 4-7). Libman does not 
describe any growth media whatsoever. Libman merely refers to growth media of the 
prior art, particularly at Col. 3, line 64 - Col. 4, line 15. Libman teaches the use of 
CLED agar, MacConkey agar, or EMB agar. Libman states that CLED agar is "ideal in 
enumerating and presumptively identifying urinary flora." But Libman clearly states at 
Col. 4, lines 3-4 that CLED agar "supports growth of urinary pathogens and 
contaminants." Therefore, Libman teaches that the "ideal" medium (i.e., the best 
available) for enumerating and presumptively identifying urinary flora allows the growth 
of contaminants. Libman also teaches what is already known by microbiologists that 
these media are isolation media for isolation of colonies for further biochemical testing. 
These statements show that CLED medium and MacConkey agar allow for the 
substantial growth of organisms other than the primary gram negative uropathogens. 
Therefore, none of the media referred to by Libman can definitively identify 
uropathogens. Instead, these media function according to the prior art process generally 
comprising four steps, as explained by Dr. Chen in his Declaration at Tf 6-12 and above. 
Therefore Libman does not teach a uropathogenic specific medium as that term is used in 
the specification (See , e.g., p. 12). Therefore the present invention is not obvious over 
Libman or the inappropriate combination of references asserted by the Examiner. 

Media that allow for the growth of contaminating organisms cannot function in 
the present invention because they will result in many false positives, and therefore 
unnecessary treatment of patients who do not have a urinary tract infection caused by one 
of the primary gram negative uropathogens. This problem is especially acute when 
testing specimens collected in a veterinary context from an unwilling animal patient. 
Such samples frequently are contaminated during the collection process. For example, 
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samples collected in the veterinary context often must be pipetted off of the floor. In 
addition, obtaining samples from a urine stream is often difficult and samples often 
become contaminated by contact with the patient's fur. For these reasons, the high 
specificity of the medium is important, and isolation media merely for presumptive 
identification are not appropriate in the present invention. 

The Examiner is incorrect in stating that "no teaching or recitation is found in the 
originally filed specification or claims for specific exclusion of gram negative bacteria 
which are not primary gram negative uropathogens." (Office Action mailed 9/26/00, p. 
6). See, e.g., p. 12 which refers to a_"uropathogenic specific medium" as one that allows 
only the growth of the primary urinary gram negative pathogens and allows for 
substantially less growth of any other bacteria of a biological matrix. The Applicants 
also note that they are entitled under the patent laws to claim the media based on what it 
does, i.e., to claim the invention functionally. In re Swinehart, 169 U.S.P.Q. 226 
(CCPA, 1971). Therefore, the Examiner's statement at p. 7 that the claims do not recite 
"antibiotics in a selective medium" is irrelevant when the limitation is claimed 
functionally. Id. at 212. 

In making this rejection the Examiner has inappropriately combined Johnson and 
Libman with the Manual of Clinical Microbiology. The Manual of Clinical 
Microbiology actually teaches away from this invention and supports the Applicant's 
points stated above. Referring to urinary tract infections at p. 264, left column, the 
Manual teaches that "Because of the severe nature of many of these infections, prompt 
isolation, identification, and susceptibility testing of Enterobacteriaceae are essential." In 
the right hand column the Manual continues "Urine specimens should be collected by 
methods that reduce the possibility of contamination of the specimen. Such methods 
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include the clean-catch, mid-stream urine technique, catheterization under aseptic 
conditions, and in certain instances, suprapubic aspiration." In the present invention, the 
"isolation, identification, and susceptibility testing" are performed in one step. And the 
sterile collection methods are unnecessary because the present invention provides a 
uropathogenic specific medium that allows for the substantial growth of only the primary 
gram negative uropathogens. The present invention is designed to test urine samples that 
have been contaminated with non-target organisms from the environment, and that this 
contamination does not change the result achieved. It is apparent from the cited passage 
that the media taught by the Manual are not sufficient to test contaminated urine samples. 

Furthermore, at p. 264, bottom right column, the Manual teaches that MacConkey 
agar allows for a "preliminary grouping of enteric and other gram-negative bacteria." 
These passages indicate that MacConkey agar allows for the substantial growth of 
contaminating organisms. 

Additional evidence is found at page 265, bottom of the left column, which 
states: "Members of the family Enterobacteriaceae are identified primarily by testing for 
biochemical reactions." This is the prior art method of using biochemical testing to 
identify bacteria described by Dr. Chen at f 10 of his Declaration. If MacConkey agar 
allowed for the substantial growth of only the primary gram negative uropathogens (i.e., 
was a uropathogenic specific medium), this testing would not be necessary because an 
organism growing on the medium would be automatically identified. 

The Examiner asserts that one of ordinary skill in the art would expect success in 
using MacConkey agar (Office Action mailed 9/25/00, pp. 5-6). As explained by Dr. 
Chen in 1 13 of his Declaration, MacConkey agar provides a signal based on the 
fermentation of lactose and the consequent drop in pH, which causes a dye in the 
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medium to provide a color change. But some primary gram negative uropathogens do 
not ferment lactose (e.g., Proteus), and therefore MacConkey agar does not provide a 
signal when these organisms are present. Furthermore, the present claims have been 
amended to recite that the presence of urinary pathogens is indicated in the medium by 
"metabolism of a signal generating substrate and production of a detectable signal." (See 
p. 13, lines 9-3 1 of the specification). Since MacConkey agar does not produce a 
detectable signal when Proteus is present, MacConkey agar is not within the scope of 
these claims. 

For the reasons explained, reconsideration and withdrawal of the rejection are, 
respectfully requested. 

2. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Johnson in view of Libman and the Manual of Clinical Microbiology as 
applied to claim 20, and further in view of Brocco. 

This rejection is respectfully traversed. Combining Brocco (inappropriately) with 
the previous references cited with respect to claim 26 does not cure the deficiencies 
notedabove. ~ ~ — ~ ~~~~~ 

Brocco discloses methods for assaying for microorganism growth or inhibition in 
the presence of antibiotic. Brocco does not disclose any selective media. In the method 
of Brocco, it is necessary to use a sterile device and sterile medium which contains a 
particular antibiotic, and to inoculate it with pure cultures of pre-grown bacteria (Brocco, 
p. 4, lines 3-11). This is done for the purpose of evaluating the susceptibility of those 
bacteria to particular antibiotics. If the medium or device is not sterile, any 
contaminating bacteria will give a false result because, unlike the present invention, 
the medium of Brocco are not selective for any bacteria, and therefore many types 
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of bacteria will grow in the medium: The result can only be correlated to the bacteria 
tested if the medium was inoculated with a pure culture of that bacteria. In the present 
invention, these sterility concerns are unnecessary because the medium is selective 
for the primary gram negative urinary pathogens, i.e., only this class of bacteria 
will grow in the media. 

One can not simply add antibiotics to a medium and presume that one will arrive 
at a medium that appropriately tests the susceptibility of an entire group of organisms. 
This is due to antibiotic cross-reactivity described by Dr. Chen at 18-19 of his 
Declaration. Different combinations of antibiotics and medium ingredients frequently 
yield very different resistance patterns. A bacteria susceptible to an antibiotic in one 
medium frequently is not susceptible to the same antibiotic in another medium. And 
adding additional antibiotics to a medium may reverse a bacteria's susceptibility to an 
antibiotic it was previously susceptible to in the medium. 

Furthermore, the cultures ofBrocco are pure cultures. These are completely 
different from the presently claimed invention, which allows the user to take a sample of 
urine containing both target uropathogens and contaminating organisms, and test for the 
presence of uropathogens and simultaneously determine the susceptibility of a particular 
uropathogen to a given antimicrobial agent. The present invention also allows this to be 
done in only 24 hours as opposed to 2-3 days required by prior art methods. 

For the above reasons, and those further explained in the Declaration of Chun- 
Ming Chen, the combination of references cited by the Examiner do not teach or suggest 
a method of detecting the presence of the primary gram negative uropathogens, and of 
simultaneously determining the susceptibility of those pathogens to antimicrobial agents. 
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Reconsideration and withdrawal of the rejections is respectfully requested, and that the 
claims be passed to allowance. 



All of the stated grounds of objection and rejection have been properly traversed, 
accommodated, or rendered moot. Applicants therefore respectfully request that this 
application be passed to allowance. If the Examiner believes that personal 
communication will expedite prosecution of this application, the Examiner is invited to 
telephone the undersigned at the number provided. 

Prompt and favorable consideration of this Amendment is respectfully requested. 



HOWREY SIMON ARNOLD & WHITE, LLP 
Box 34 

301 Ravenswood Avenue 
Menlo Park, CA 94025 
(858) 622-5100 



Conclusion 



Respectfully submitted, 





Mary S. Consalvi 
Reg. No. 32,212 
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Marked up version of claim 

20. (Amended) A method of detecting the presence or urinary pathogens in a biological 
sample and of simultaneously determining the susceptibility of the urinary pathogens to 
antimicrobial agents, said method comprising: 

providing a multicompartment assay device comprising: at least one compartment 
comprising a medium capable of sustaining growth of total microbial organisms; at least one 
compartment comprising a uropathogenic specific medium; and, at least one compartment 
comprising an antimicrobial susceptibility interpretation medium; 

placing a portion of the biological sample respectively in said at least one compartment 
comprising a medium capable of sustaining growth of total microbial organisms; said at least one 
compartment comprising a uropathogenic specific medium; and, said at least one compartment 
comprising an antimicrobial susceptibility interpretation medium comprising an antimicrobial 
agent; 

whereby metabolism of a signal generating substrate and production of a detectable signal 
[growth of organisms] in said at least one compartment comprising a medium capable of 

sustaining-growth of total microbial-organisms indicates the present of 

the sample; metabolism of a signal generating substrate and production of a detectable signal 
[growth of organisms] in said at least one compartment comprising a uropathogenic specific 
medium indicates the presence of urinary pathogens in the sample; and metabolism of a signal 
generating substrate and production of a detectable signal [growth of organisms] in said at least 
one compartment comprising an antimicrobial susceptibility interpretation medium indicates that 
the organisms lack susceptibility to the antimicrobial agent comprised in said antimicrobial 
susceptibility interpretation medium, and 



examining the compartments to determine the presence of urinary pathogens in said 
biological sample and the susceptibility of said urinary pathogens to said antimicrobial agents. 
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1 . I, Chun-Ming Chen, hold a Ph.D. in Food Science from Rutgers 
University, New Brunswick, New Jersey. I also hold a Master's degree from the 
University of Florida, Gainesville, Florida in Food Science. I have worked at the Food 
and Environmental Division at IDEXX Laboratories as a microbiologist since 1993. I 
am the co-author of three patents in the area of microbiology, six peer-reviewed 
publications in the area of biochemistry and microbiology and another sixteen publicly- 
presented abstracts. A recent resume is attached to this Declaration. 

2. I understand that the Examiner has cited references by Johnson, Libman, and 
the Manual of Clinical Microbiology 1 in this case. I am a co-inventor of the above 

1 Manual of Clinical Microbiology, Fourth Edition, (ed.-in chief, Lennette, E.H.), American Society for 
Microbiology, Washington, D.C. (1985). 



Sir: 
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referenced patent application. I have reviewed the specification, the present claims, and 
each of the references cited and believe that a person of ordinary skill in the art would 
not find the presently claimed invention obvious over any of these references, nor any 
combination of them. 

The Present Invention 

3. This invention involves methods for detecting the presence or absence of 
urinary pathogens in a biological sample and for simultaneously determining the 
susceptibility of the pathogens to various antimicrobial agents (specification, p. 7, line 21 
- p. 8, line 26). The present invention accomplishes these objectives by providing a 
uropathogen specific medium, i.e., a medium which allows substantially only the 
growth of the primary urinary gram negative pathogens and allows for substantially less 
growth of any other bacteria of a biological matrix AND by incorporating within that 
medium an antimicrobial agent to evaluate its effectiveness against gram negative 
pathogens (specification p. 12, line 1 1 et seq.; p. 19, Table 1). In this context, the term 
"primary gram negative urinary pathogens" refers to the group of bacteria which 
cause at least 85-90% of the human and veterinar y urinar y tract infections ( s pecification , 
p. 10, line 19 et seq.). 

4. The medium of the present invention is provided in a multicompartment 
assay device with at least three compartments containing, respectively, 1) a medium 
capable of sustaining the growth of total microbial organisms (i.e., a control); 2) a 
uropathogen specific medium (which allows for the growth only of the primary urinary 
gram negative pathogens); and 3) antimicrobial susceptibility interpretation medium 
(which comprises the uropathogen specific medium with an antimicrobial substance(s) to 
be evaluated for their effect on the urinary pathogens) (p. 7, line 21 - p. 8, line 26). 

2 
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The Obstacles Faced by the Person of Ordinary Skill 

5. The process presently used in the art of microbiology for identifying bacteria 
and evaluating their susceptibility to antimicrobial agents involves four steps. 

6. STEP 1 : The sample must be plated out on an isolation medium such as 
MacConkey agar that allows for the growth of a limited group of organisms. Exhibit 1 is 
an excerpt from the Difco Manual 2 . The manual states the following at page 288 under 
"Intended Use": 

MacConkey Media are selective and differential plating media mainly used for 
the detection and isolation of gram-negative organisms from clinical, dairy, food, 
water, pharmaceutical and industrial sources. 

7. The purpose of this step is the isolation of the organisms for performing 
further biochemical identification tests Many contaminating organisms can be identified 
and screened out in this step based on the appearance of the colonies. Colonies growing 
on the medium that appear to be of interest are passed into Step 2. The MacConkey agar 
referred to by the Examiner (Office Action mailed 9/25/00, pp. 5-6) differentiates 

organisms based on their abilit y to ferment lactos e. When lactose-is-fermented-in the 

medium, it causes a consequent drop in the pH of the medium. Not all primary gram 
negative organisms have the ability to ferment lactose. For example, Proteus spp. does 

not have this ability and will not hydrolyze or convert the signal generating substrate to 
produce a signal when growing on MacConkey agar. MacConkey agar is inappropriate 
for use in the present invention because it will result in false positives and/or false 
negatives, for reasons further explained below. 



2 Difco Manual (1 1 ed), Difco Chemical Corp. 
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8. STEP 2: The organisms selected by the MacConkey agar are then grown 
on a nonspecific medium. The purpose of this step is to generate isolated colonies. 
Once isolated colonies are grown, these colonies maybe subjected to biochemical testing 
in Step 3 to determine their identity. 

9. STEP 3: In this step, the identity of the pure colonies from Step 2 is 
determined using biochemical testing. This testing involves a battery of biochemical 
tests in order to ascertain the identity of the colonies that grew on the MacConkey agar. 

10. Attached as Exhibit 2 is a copy of pages from the Manual of Clinical 
Microbiology , 7 th ed. 3 The passage at page 453 indicates that a number of biochemical 
screening tests is necessary even for "tentative" identification of Enteroacteriaceae. 

. Table 6 of the reference lists several of those tests. This is consistent with my 
knowledge in the field that MacConkey agar is an isolation medium for isolation of 
colonies for biochemical analysis. Growth and signal production on MacConkey agar 
indicates that the organisms are lactose fermenters. One cannot properly conclude that 
simply because a colony is growing on MacConkey agar that it is a primary gram 

negative urin ary pathogen, and scientists do not use isolatio n media.such.as MacConkey 

agar for this purpose due to the unreliability of such conclusions. For example, 
MacConkey agar allows the growth of both lactose fermenters and non-lactose 
fermenters. But non-lactose fermenters will not produce a signal since the signal 
generation in MacConkey agar is dependent on the fermentation of lactose and the 
consequent drop in pH. Proteus spp. is an example of an organism that will grow on 
MacConkey agar but not produce a signal. Proteus spp. is a primary gram negative 
uropathogen that does not ferment lactose. 

3 Manual of Clinical Microbiology . 7 th edition, (ed. Murray et al.), ASM Press (Washington, DC, 1999) 
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1 1 . STEP 4: Finally, the purified colonies that have been definitively 
identified as primary gram negative urinary pathogens based on biochemical testing are 
placed in a nonselective medium containing an antimicrobial agent. If the colony fails to 
grow in this medium, the organism may be susceptible to the antimicrobial agent in the 
living human or animal The process of carrying out these steps takes 3-4 days and 
requires the use of skilled workers. 

12. The present invention provides a medium that is substantially specific for 
the primary gram negative uropathogens. This medium is able to definitively identify the 
primary gram negative uropathogens because the medium allows for substantial growth 
of only these organisms. This is one aspect of the invention that, by itself, is not obvious 
to one of ordinary skill in the art because it is not taught or suggested by any prior art 
reference or combination of references. 

13. I understand the Examiner has asserted that the presently claimed 
invention might encompass MacConkey agar. This is incorrect. As noted earlier, signal 
is generated in MacConkey agar based on fermentation of lactose and a consequent drop 

in pH, whi ch causes si gnal production. M acConkey-agar-is not-functional in the present 

invention because not all of the primary gram negative uropathogens have the ability to 
ferment lactose (e.g. Proteus spp.). Therefore, in an unacceptably high number of cases 
false negatives would occur because target organisms would be growing and no signal 
would be generated. 

14. Development of a uropathogenic specific medium required inventive 
work, but this represents only one of the inventive aspects of the present invention. As 
noted above, to arrive at the present invention it was necessary to incorporate within the 
uropathogenic specific medium an antimicrobial agent. The purpose of this is to enable 
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the medical practitioner to evaluate the susceptibility of the particular strains of 
uropathogens involved in an infection to various antibiotics. Therefore, with the present 
invention, the user may simultaneously 1) definitively determine whether p rimary gram 
negative uropathogens are present in the sample; and 2) if present, identify the 
antimicrobial agents to which these uropathogens will be susceptible. 

15. Therefore, with the present invention, the four steps of the prior art 
methods (which require 3-4 days to perform), have been reduced to ONE step that 
is performed within 24 hours. In the present invention, primary gram negative 
uropathogens are definitively identified and their susceptibility to at least three 
antimicrobial agents is evaluated SIMULTANEOUSLY. Thus, in a matter of only 24 
hours the user can determine whether uropathogens are present, and if so, the 
antimicrobial agents to which they are susceptible. The prior art methods using the four 
steps described above requires 3-4 days of testing and skilled personnel. Therefore, the 
present invention provides this information 2-3 days faster than the prior art methods, 
and reduces the four labor-intensive steps described above to a single simple step, which 
can be performed by a worker with a far lower sk ill leveLthan required by-prior-methods. 



16. The present invention involves: 1) determining a particular combination 
of medium ingredients that will allow for the substantial growth of the primary gram 
negative uropathogens, while not allowing for the substantial growth of any other 
organism; 2) adding an antimicrobial agent to the medium without changing the 
bacterial resistance pattern of the medium, which could cause non-target organisms to 
grow or cause non-susceptible target organisms to not grow. 
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17. Elucidating such a combination of nutrients, selective agents, antibiotics, 
and other media ingredients presented special difficulties because different combinations 
of antibiotics and other media ingredients interact with each other to exert differing and 
often unpredictable effects on cells growing in the medium. In some cases, these 
interactions will confer increased resistance to certain antibiotics on the part of the target 
organism(s) or on the part of one or more non-target organisms. It is generally known 
in the field of microbiology that organisms susceptible to a particular antibiotic in 
some media may not be susceptible to the same antibiotic in other media, and that 
small changes in medium ingredients can effect substantial changes in resistance 
patterns. This is sometimes referred to as "antibiotic cross-reactivity." Therefore, 
development of the antimicrobial susceptibility medium was by no means simply a 
matter of adding antimicrobial agent to the uropathogenic specific medium. Rather, it 
involved evaluating what changes in resistance patterns occurred by introduction of the 
antibiotic. 

18. Thus, changing the nutrients in the medium or the combination of 
antibiotics may change the biological d ynamic of the medium and allow o rganisms_to 
grow that wouldn't grow previously, and vice versa. This would then result in false 
positives or false negatives. All of these obstacles had to be overcome in arriving at a 
medium which allows for the growth of the primary gram negative uropathogens but not 
for the substantial growth of any other organism. 
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I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issuing 
thereon. 



Respectfully submitted, 



IDEXX Laboratories, Inc. 
One IDEXX Drive 
Westbrook, Maine 04092 



Date: ^^C^^ ^f 
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MacConkey Media 

Bacto® MacConkey Agar • Bacto MacConkey Agar Base 
Bacto MacConkey Agar CS • Bacto MacConkey Agar w/o CV 
Bacto MacConkey Agar w/o Salt 



Intended Use 

MacConkey Media are selective and differential plating media mainly 
used for the detection and isolation of gram-negative organisms from 
clinical, 1 dairy/ food," water, 5 pharmaceutical* and industrial 7 sources. 
Bacto MacConkey Agar is used far isolating and differentiating lactose- 
fermenting from lactose nonfermenting gram-negative enteric bacilli. 
Bacto MacConkey Agar Base is used with added carbohydrate in 
differentiating coJifarms based on fermentation reactions. 



User Quality Control 
Identity Specifications 
MacConkey Agar 

Dehydrated Appearance: Pink to pinkish beige, free-flowing, 
homogenous; . s . 

Solution: 5.0% solution, soluble in distilled or 

deibnized water on boiling; reddish 
pmple, very slightly to slightly 
opalescent. 

Pinkish red, slightly opalescent, ; 
pH 7.1 ± 0.2 



Prepared Plates: 

Reaction of 5.0% 
Solution at 25°C; 

MacConkey Agar Base 
Dehydrated Appearance: 



Solution: 



Pink to pinkish beige, free-flowing, 
homogenous. 



4.0% solution, soluble in distilled or 
deionized water upon boiling: red, 
very slightly to slightly opalescent 
without significant precipitate. 

Red, slightly opalescent without 
precipitate. 

pH 7.1 ±0.2 



Prepared Plates: 

Reaction of 4,0% 
Solution ar 25 B C: 

MacConkey Agar CS 

Dehydrated Appearance: Pinkish beige, homogenous, ^flowing. 

SoJulion: 5.0% solution, soluble in distilled or 

deionized water on boiling; reddish 
purple in color, slightly opalescent, 
without significant precipitate. 

Reddish purple, slightly opalescent, 
without precipitate. 



Prepared Plates: 

Reaction of 5.0% 
Solution at 25 6 C: 



pH 7.1 ± 0.2 



continued on following page 



Bacto MacConkey Agar CS is used for isolating and differentiating 
gram-negative enteric bacilli from specimens containing swarming 
strains of Proteus. 

Bacto MacConkey Agar w/o CV is used for isolating and differentiating 
enteric microorganisms while permitting growth of staphylococci and 
enterococci. 

Bacto MacConkey Agar w/o Salt is used for isolating and differentiating 
gram-negative bacilli while suppressing the swarming of most 
Proteus species. 

Also Known As 

MacConkey Agar is also known as MAC. 

Summary and Explanation 

MacConkey Agar is based on the bile salt-neutral red-lactose agar of 
MacConkey. 8 

Hie original MacConkey medium was used to differentiate strains of 
Salmonella typhosa from members of the coliform group. Formula 
modifications improved the growth of Shigella and Salmonella strains. 
These modifications included the additionof 0.5% sodium chloride, 
decreased agar content, and altered bile salts and neutral red concen- 
trations. The formula improvements gave improved differentia] 
reactions between these enteric pathogens and the coliform group. ' 
MacConkey Agar contains crystal violet and bile salts that inhibit 
gram-positive organisms and allow gram-negative or ganisms to grow, _ 
— Isolaied colonies of coWorm b^traa^e brickred in color and may be 
sutrounded by a 2one of precipitated bile, TWs bile precipitate is due 
to a local pH drop around the colony due to lactose fermentation. 
Colonies that do not ferment lactose (such as typhoid, paratyphoid and 
dysentery bacilli) remain colorless. When lactose non-fermcnters grow 
in proximity to coliform colonies, the surrounding medium appears as 
cleared areas. 

MacConkey Agar Base is prepared without added carbohydrates, 
which permits their addition either individually or in combination. It is 
recommended that carbohydrates such as sucrose or lactose be added 
in a concentration of \% to the basal medium 

MacConkey CS ("Controlled Swarming") contains carefully selected 
raw materials to reduce the swarming of Proteus species which could 
cause difficulty in isolating and enumerating other gram-neeativc 
bacilli. * 

MacConkey Agar w/o CV (Crystal Violet) is a differential medium 
that is less selective than MacConkey Agar. The lack of crystal violet 
permits the growth of Staphylococcus and Ente rococcus. Staphylococci 
produce pale pink to red colonies and enterococci produce compact 
uny red colowes either on or beneath the surface of the medium 
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MacConkey Agar w/o Salt is a differential medium that restricts 
the swarming of Proteus species to aid in the detection and isolation 
of enteric microorganisms. In addition, this medium does not contain 
crystal violet, allowing Staphyloccacus and Enterococcus species 
to grow. 

Principles of the Procedure 

Bacto Peptone and Proteose Peptone are sources of nitrogen and 
other nutrients. Lactose is a fermentable carbohydrate. When lactose 
is fermented, a local pH drop around the colony causes a color change 
in the pH indicator (neutral red) and bile precipitation. Bile Salts, Bile 
Salts No. 3 and Crystal Violet ait selective agents thai inhibit growth 
of gram-positive organisms. Bacto Agar is a solidifying agent. 

Formula 
MacConkey Agar 

Formula Per Liter 

Bacto Peptone 17 g 

User Quality Control coni. : 
MacConkey Agar w/o CV V'.:.!\;.". . . V :V 
Dehydrated Appearance: Pinkish beige, ^ 
^hbmcgei^ 

5;2% splutipni soluble iii diitilied ■ ' 
ordeiqi^ 

reddish draaige, cleair to very slightlyj 
% opalescent ^without significant: /■;•/ 
■ 'pimpitate;:> 

Reddish qrange* sligh^y b^esqetit , 
without significant pimjpitate. - 



Solution: 



Prepared Plates: . 



Reaction of 5.2% 
Solution at 25°C: pH 7,4 ± 0,2 ' ' : 

MacConkey Agar w/o Salt} "r. .'- : > : - 
Dehydrated Appearance- btige^^iflbwihg;.: 



Solution: 



Prepared Plates: . 

Reaction of 4:7% .. 
Solution at 25°C: 

Cultural Response 

Prepare MacConkey 
incubate at 35 ± 2 9 Q 

MacConkey Agar 



4.7% solution,' sbiuMe in dutiUed: 
^jieion^^ 
reddish brah^Wgfitl^ 

: Reddish orange, slightly opaJescenL 



media per label direedo^ Incfculare aid 
for 1 8-24 hours;; l - ' ;; ■ . ■ :'. ! .v -v. r. 1 ^ ■ 



ORGANISM 


ATCC* 


Enterococcus 


29212* 


faecaiis : 




Escherichia 


25922* 


coli 


Proteus. 


I2453V 


mirabilis • ; 


Salmonella 


14028* 


typhimurium 





INOCUIUM . 

cru 



1,000-2,000 markedly to 

completely inhHiired 
lOotl.OOO •; : ; : g<>otl: : -v>v : .:' pink: * : V: • V"' 

lQfri.OQO . : / » inia : .V tbiorfess^:' - ' 
lOfcj.OpO . • ^^^'.-^coioriess--;' 

continued on following page 



Bacto Proteose Peptone 3 g 

Bacto Lactose 10 g 

Bacto Bile Salts, No. 3 1.5 g 

Sodium Chloride 5 g 

Bacto Agar 13.5 g 

Neutral Red 0.03 g 

Bacto Crystal Violet 0.001 g 

Final pH 7.1 ±0,2 at 25°C 

MacConkey Agar Base 
Formula Per Liter 

Bacto Peptone n g 

Bacto Proteose Peptone y 3 g 

Bacto Bile Salts, No. 3 1.5 g 

Sodium Chloride 5 g 

Bacto Agar 13,5 g 

Neutral Red 0.03 g 

Bacto Crystal Violet 0,001 g 

Final pH7.1 ±0.2at25°C 

MacConkey Agar CS 
Formula Per Liter 

Bacto Peptone 17 

Bacto Proteose Peptone 3 

Bacto Lactose jo 

Bacio Bile Salts 5 

Sodium Chloride 5 g 

Bacto Agar 13.5 g 

Neutral Red 0.03 g 

Bacto Crystal Violet 0.001 g 

Final pH 7.1 ±0.2 at 25°C 

MacConkey Agar Wo CV 
Formula Per liter 

Bacto Peptone 20 g 

Bacto Lactose , 10 g 

Bacto Bile Sails 5 g 

Sodium Chloride 5 g 

Neutral Red 0.05-g- 

BactoAgar 12 g 

Fmal P H7.4±0,2at25 D C 

MacConkey Agar w/o Salt 
Formula Per Liter 



Bacto Peptone 


20 


Bacto Lactose . . : 


10 


Bacio Bile Salts 


5 


Neutral Red 


0.075 


Bacto Agar 


12 


Final pH 7.4 ±0.2 at25°C 





Precautions 

1. 
2. 



For Laboratory Use. 
For MacConkey Agar w/o CV 
IRRITANT. IRRITATING TO EYES, RESPIRATORY SYSTEM 
AND SKIN. Avoid contact with skin and eyes. Do not breathe dust. 
Wear suitable protective clothing. Keep container tightly closed. 
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MacConkey Agar w/o Salt 

IRRITANT. IRRITATING TO EYES, RESPIRATORY SYSTEM 
AND SKIN. Avoid contact with skin and eyes. Do not breathe dust 
Wear suitable protective clothing. Keep container tightly closed. 
FIRST AID: In case of contact with eyes, rinse immediately with 

User Quality Control cvnt 
MacConkey Agar Base 



plenty of water and seek medical advice. After contact with skin 
wash immediately with plenty of water. If inhaled, remove to fresh 
air. If not breathing, give artificial respiration. If breathing is* 



Uninoculaied 
plate 



OXGAN/SM 



INOCULUM 
ATCC CHI 



Emerococcus 29212* 1,000-2,000 markedly 10 

faecalis * — ^ ! - L ^- 

Escherichia 25922* 100-1,000 

coli 



GROWTH APPEARANCE 



completely inhibited 

good : w/o lactose;' 



Proteus 
mi rati! is 

Salmonella 
ryphimurium 



12453 200-1,000 
14028* 100-1.000 



good 
good 



colorless 
w/lactose: pink + 

colorless . . - 
colorless 



MacConkey AgarCS 



ORGANISM 



ATCC* 



INOCULUM 
CFU 



BJLE 

_GROWTH APPEARANCE pft. 



Emerococcus 29212* 1,000-2,000 markedly to . - 
faecali i completely inhibited 

Escherichia 25922* 100-1,000 good pink to red -V+ 



coL 

Pwieus 
mirabilis 



12453 100.1,000 



Salmonella 14028* 100*1,000 
ryphimurium 

MacConkey Agar w/o CV 

INOCULUM 
ORGANISM ATCC QU 

Enterococcus 29212* 1 00- 1 ,000 
faecalis 

Escherichia 25922* 100-1.000 
coli 

~ Proteus 1 2453 — 100-TM) 
mirabilis 

Salmonella 14028* 100-1.000 
ryphimurium 

MacConkey Agar w/o Salt 

ORGANISM _*CC> 



good colorless, 
s wanning markedly 
•.to comjjietely . 
-inhibited. 

good translucent, 
colorless 



Unlnoeutareri 



Enterococcus 29212* J00-1.000 
faecalis 

Escherichia 25922* 100-1,000 
coli 

Proteus 12453 100-1,000 
mirabilis 



good 
good 

colorless; 
swarming markedly 
to completely 
inhibited 
good colorless 



Salmonella mil* 100-1 000 
ryphimurium 

The cultures listed are the minimum that should be used for 
performance resting. 1UI 

The* cultures arc available as BactroP Disks and should be 
used as directed m Bactrol Disks Technical MonS 



Escherichia coli 
ATCC* 25922 




Salmonella 
.ATCC* 



typhimvritm 
>U02& 

•MacConkty Agar CS 



Escherichia coll 
'ATCC* 25922 




Proteus nilobilis 
ATCC* 12453 



MacConlrey Afar w/o CV 



Sstmortetfo tnhimuhum 
ATCC* 1*028 
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difficult, give oxygen. Seek medical advice. If swallowed seek 
medical advice immediately and show this container or label. 
3. Follow proper established laboraiory procedure in handling and 
disposing of infectious materials. 

Storage 

Store the dehydrated medium below 30 Q C. The dehydrated medium is 
very hygroscopic. Keep container tightly closed. 

Expiration Date 

The expiration date applies to the product in its intact container when 
stored as directed Do not use a product if it foils to meet specifications 
for identity and performance. 

Procedure 

Materials Provided 

MacConkey Agar 
MacConkey Agar Base 
MacConkey Agar CS 
MacConkey Agar w/o CV 
MacConkey Agar w/o Salt * 

Materials Required But Not Provided 

Glassware 

Autoclave 

35°C incubator 

SOT waterbath (optional) 

Carbohydrate (lactose, sucrose, etc.) (optional) 

Method of Preparation 

For MacConkey Agar, MacConkey Agar CS, MacConkey Agar 
w/o CV or MacConkey Agar w/o Salt: 

1 . Suspend the medium in I liter distilled or deionized water 
MacConkey Agar SO grams 
MacConkey Agar CS 50 grams 
MacConkey Agar w/o CV 52 grams 

— — MacConkeyAgar "WAT Salt 47 grams 

2. Heat to boiling to dissolve completely. Avoid overheating. 

3. Autoclave at 121°C for 15 minutes. The media may be used with* 
out autoclave sterilization if the plates are to be inoculated on the 
day of preparation. 

4. Cool to 45-50°C and dispense into sterile Petri dishes. 

5. The surface of the medium should be dry when inoculated. Dry the 
plates for 1-2 hours with the lids slightly ajar. 

For MacConkey Agar Base: 

1. s ^Pend40gran)sofmediuminIliterdistiUedo^ 

2. Heat to boiling to dissolve completely. Avoid overhearing. 

3. Add JO grams lactose or other desired carbohydrate before or after 
sterilization, depending on heat lability. 

4. Autoclave at 121T fox 15 minutes. The media may be used with- 
out autoclave sterilization if the plates are to be inoculated on the 
day of preparation. In this case, boiling the medium gently for 5 
minutes is sufficient. 7 



5. Cool to 45*50°C and dispense into sterile Petri dishes. 

6. The surface of the medium should be dry when inoculated. Dry the 
plates for 1-2 hours with the lids slightly ajar, 

Specimen Collection and Preparation 

For a complete discussion on the isolation and identification of enteric 
organisms consult the appropriate references. 

Test Procedure 

For procedures on the isolation and identification of enteric organisms 
consult the appropriate references. 

Results 

Lactose-fermenting organisms grow as pink to brick-red colonies 
with or with out a zone of precipitated bile. Non-lactose fermenting 
organisms grow as colorless or clear colonies. 

Swarming by Proteus spp. is reduced on MacConkey Agar CS and 
MacConkey Agar w/o Salt. 

On MacConkey Agar w/o CV and MacConkey Agar w/o Salt, staphy- 
lococci produce pale pink to red colonies and enterococci produce 
tiny red colonies; these organisms are inhibited on MacConkey Agar 
and MacConkey Agar CS. 

Limitations of the Procedure 

1. Although MacConkey media are selective primarily for gram- 
negative enteric bacilli, biochemical and, if indicated, serological 
testing using pure cultures are recommended for complete 
identification. Consult appropriate references for further 
information. 1 - 3 

2. Due to the selective properties of MacConkey Agar CS, some 
strains of gram-negative enteric bacilli may be encountered that 
fail to grow or grow poorly on this medium. Some strains of gram- 
positive organisms may be encountered that are not inhibited 
or only partially inhibited on this medium; some strains of 
enterococci may grow on MacConkey Agar CS after prolonged 
incubation. 



3. Incubation of MacConkey Agar plates under increased C0 2 has 
been reported to reduce the growth and recovery of a number of 
strains of gram-negative bacilli. 9 

4. For optimal performance, plates prepared from MacConkey Agar 
CS should be incubated under aerobic conditions. 
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Packaging 

MacConkey Agar 



MacConkey Agar Base 
MacConkey Agar CS 



Galperin. 1979. 
Abst. Ann. Mtg. 



MacConkey Agar w/o CV 
MacConkey Agar w/o Salt 



100 g 


0075-15-3 

W It/ u J 


500 g 


0075-17-1 


2 kg 


0075-07-3 


10 kg 


0075-08-2 


500 g 


0818-17-3 


500 g 


1818-17-1 


2 kg 


1818-07-3 


10 kg 


1818-08-2 


500 g 


0470-17-2 


500 g 


0331-17-1 


10 kg 


0331-08-2 



Bacto* MacConkey Sorbitol Agar 



Intended Use 

Bacto MacConkey Sorbitol Agar is used far isolating and differentiating 
cnteropathogenic Escherichia coli serotypes. 

Summary and Explanation 

llie original MacConkey medium was used to differentiate strains of 
Salmonella typhosa from members of the colifonn group. Formula 

User Quality Control 
Identity Specifications 

Solution: 5.0% solution, soluble in distilled or 

deionized water on boiling; reddish 
purple, very slightly to slightly 
opalescent. 

reddisb-purple, slightly opalescent. 



modifications used in MacConkey Agar improved the growth of 
Shigella and Salmonella strains as well as the differential reactions 
between these enteric pathogens and the colifonn group. The 
modifications included addition of 05% sodium chloride decreased 
JUjar content, and altered bile salts and neutral red concentrations 



Uninocubied 
plate 



Escherichia coli 
0157M7 



Prepared Medium: 
Reaction of 5.0% 

Solution at 25T: P H 7.1 ± q.2at25°C 
Cultural Response 
Prepare MacConkey Sorbitol Agar per label directions 
Inoculate plates and incubate at 35 ±3 !™ &^ ta^. 

ORGANISM 

Ememcoccvfaecalh 29212» 1,000-2.000 markedly 

r l « i . inhibited 

firiuwrtwerf/ 0157*7 - 100-1,000 goo d colorless 

"Hie cultures listed ate the minimum feu should be uud far n«*— . 
Th« cultures .re available a. BactroP D^arfSST^"? ^ 

ftSlU Sh0U,d * USed as Bactrol Disks Technical Information 



INOCULUM, COLONY 
KKOVHY mint 
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4. Prepare plates such as Violet Red Bile Agar for streaking. To ensure . 
recovery of dextrose fermenters, add 1% dextrose before boiling. 

5. Streak a loopful of the enrichment culture onto the prepared plates, 

6. Incubate the plates for 18-24 hours at 35-37 6 C. Examine for the 
presence of conforms which appear pink to purplish-red on Violet * 
Red Bile Agar. The color of colif arm colonies may vary if a different 
medium is used. 

For a complete discussion on Enterobacuriaceae in food testing, refer 
to procedures in Standard Methods. 3 ' 4 

Results 

Acid production causes the color of EE Broth Mossel to become 
yellow. A negative reaction results in nb color change and the medium 
remains green. 

Limitations of the Procedure 

1 . Since the nutritional requirements of organisms vary, some strains 
may be encountered that fail to grow or grow poorly on this medium. 
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Packaging 

EE Broth Mossel 500 g 0566-17 

10 kg 0566-08 



Bacto* EMB Agar 



Intended Use 

Bacto EMB Agar is used for isolating and differentiating gram- 
negative enteric bacilli. 

Also Known As 

EMB Agar is also known as Eosin Methylene Blue Agar 

User Quality Control 

Identity Specifications 

Dehydrated Appearance: Pinkish purple, free flowing, homogeneous. 
Solution: 3.6% solution, soluble in distilled or 

deiohized water on boiling. Solution 
is green with orange cast, opalescent 
_ with a uniform floeculeht prec^ntate^^ 



Prepared Plates: 



Reaction of 3.6% 
Solution at 25°C: 



Purple with a greenish-orange cast, : 
opalescent, may have a fine 
precipitate;. 



pH 7.2 ±0.2 
Cultural Response 

ISf^-Sf? label <B"*fcra. Inoculate and incubate 

at 35 ± 2°C for 18*24 hours. 



Emerococcus 

fatttialis 

Escherichia 
coli 

Salmonella 
typhimurium 



ATCC 



INOCULUM 
CTU 



Summary and Explanation 

The original Eosin Methylene Blue Agar was the formulation of Holt- 
Harris and Teague. 1 The use of eosin and methylene blue as indicators 
gave sharp and distinct differentiation between colonies of lactose 
fermenting and nonfermenting organisms. Sucrose was included in the 
medium to detect members of the coliform group that fermented 
sucrose more readily than lactose. Lactose-positive colonies were black 



UnlAoculatcd 
plate 



ATCC» 25921 



29212* 1,000 



GROWTH 



^APPEARANCE 



inhibition 



lartiol 



25922* 100-1,000 good 
14028* 100-1,000 good 



colorless 

blue-black w/tfark centers 
and green metallic sheen 
colorless to amber 



The cultures listed are the minimum that should be used for peribrmance testihg. 
The^eculrures are available o^ Bactmr^ 
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or possessed dark centers with transparent, colorless peripheries. 
Lactose- or sucrose-negative colonies were colorless. The Eosin 
Methylene Blue Agar of Holt-Harris and Teague had definite 
advantages over the Fuchsin Sulfite Agar of Endo. The EMB Agar 
formulation was more sensitive, more accurate, more stable, and gave 
an earlier 'differentiation between the lactose fermenters and lactose 
and sucrose nonfermenters. 

Two years after Holt-Harris and Teague had introduced their new 
medium, Levine 1 described an Eosin Methylene Blue Agar for 
differentiating fecal and nonfecai coliforms. Levine's medium 
differentiated salmonellae and other lactose nonfermenters from the 
coliform organisms. 

EMB Agar is a combination of the Levine and the Holt-Harris and 
Teague formulae. EMB Agar is selective due to the presence of inhibitors 
and differential based on the ability of some organisms to ferment 
carbohydrates with the absorption of eosin and methylene blue. 
EMB Agar is recommended for use in examining clinical specimens 
for enteric pathogens. 3 '- 5 The medium enables the isolation and differ- 
entiation of gram-negative enteric bacilli. 

Principles of the Procedure 

Peptone is a source of nitrogen and other nutrients in the formulation. 
Eosin and methylene blue are dyes which combine to form a precipitate 
at an acid pH. The dyes act both as pH indicators and inhibitors. 
Gram-positive bacteria arc partially inhibited on the medium. Lactose 
and Sucrose arc fermentable carbohydrates. Phosphate acts as a buffer. 
Bacto Agar is a solidifying agent. 



Formula 

EMB Agar 

Formula Per Liter 

Bacto Peptone , , 10 g 

Bacio Lactose 5 g 

Bacto Sucrose , 5 g 

Dipotassiura Phosphate 2 g 

Bacto Agar 133 g 

Eosin Y . , , , ._0.4„g 

" — McthylcnTBlue ~ 0.065 g 

Final pH 7.2 ± 0.2 at 25'C 



Precautions 

1. For Laboratory Use. 

2. Follow proper established laboratory procedure in handling and 
disposing of infectious materials. 

Storage 

Store die dehydrated medium below 30°C The dehydrated medium is very 
hygroscopic Keep container rightly closed Store prepared plates at 2-8°C. 

Expiration Date 

Expiration date applies to the product in its intact container when stored 
as Erected Do not use a product if it fails to meet specifications for 
idenuty and performance. - 

Procedure 

Materials Provided 
EMB Agar 

174 " " " — 



Materials Required But Not Provided 

Flasks with closures 
Distilled or deionized water 
Bunsen burner or magnetic hot plate 
Autoclave 

Waterbath (45-50)°C 
Petri dishes 
Incubator (35°C) 

Method of Preparation 

1. Suspend 36 grams in 1 liter distilled or deionized water. 

2. Heat to boiling to dissolve completely. 

3. Autoclave at 121°C for 15 minutes. Avoid overheating. 

4. Cool to 45-50°C in a waterbath. 

5. Dispense into sterile Petri dishes. Evenly disperse the precipitate 
whin dispensing. 

Specimen Collection and Preparation 

1. Collect specimens in sterile containers or with sterile swabs and 
transport immediately to the laboratory following recommended 
guidelines. 1 - 4 - 5 

2. For specific information about specimen preparation and inoculation 
of clinical specimens, consult appropriate references. 1,4 - 5 

Test Procedure 

For isolation of enteric pathogens from clinical specimens, inoculate 
fecal specimens and rectal swabs onto a small area of one quadrant 
of the EMB Agar plate and streak for isolation. This will permit 
development of discrete colonies. Incubate plates at 35°C. Examine 
plates at 24 hours and again at 48 hours for colonies with characteristic 
morphologies associated with potential pathogens. 

Results 

Salmonella and Shigella colonies are translucent and amber colored or 
colorless. Coliforms that use lactose and/or sucrose produce blue-black 
colonies with dark centers and greenish metallic sheen. Other coliforms 
such as Enterobacur form mucoid, pink col onies. Strains of 
Enterococcus faecalisxzprtimy inhjWd~on~ this medium and" 
appear as colorless colonies. 

Limitations of the Procedure 

1. EMB Agar is only moderately inhibitory. Some staphylococci, 
streptococci and yeast may grow. They will appear as small! 
pinpoint colonies. Gram-negalive nonfermenting bacilli may grow 
and appear as non-lactose fermenters. Biochemical tests are necessary 
for further identiScation to genus or species. 6 

2. Some strains of Salmonella and Shigella may not grow on EMB 
Agar.* It is recommended that a nonselective, differential medium 
(MacConkey AgarorHektoen EntericAgar) and a selective medium 
(Bismuth Sulfite Agar, SS Agar or Desoxycholate Citrate Agar) be 
run in parallel with EMB Agar. 

3. Sterilization reduces the methylene blue, leaving the medium 
orange m color. The normal purple color of the medium may be 
restored by gentle mixing. If the reduced medium is not shaken to 
oxjdjze the methylene blue, a dark zone beginning at the top and 
extending downward through the medium will gradually appear. 
The sterilized medium normally contains a flocculent precipitate 
which should not be removed, By cooling to 50°C and gently 
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mixing the medium before pouring it into plates, the flocculation 
will be finely dispersed. 

4. Greenish metallic sheen is not always present. The presence of the 
greenish metallic sheen is not diagnostic for E coli. 6 

5. Store and incubate EMB Apr plates in the dark. Visible light can 
alter the ability of the medium to support microbial growth, 
especially of Proteus spp,' 
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Packaging 

EMB Agar 100 g 0076-15 

500 g 0076-17 

2 kg O076-07 

10 kg 0076-08 



Bacto" EVA Broth 

Intended Use 

Bacto EVA Broth is used for detecting and confirming enterococci in 
water and other specimens as an indication of fecal contamination. 

Also Known As 

EVA Broth is also known as Ethyl Violet Azide Broth. 

Summary and Explanation 

The presence of enterococci in water and other specimens indicates 
fecal contamination. Mallmann and Seligmann' compared various 
enrichment media for detecting fecal streptococci and found that Azide 

User Quality Control 

Identity Specifications — — — — — — 

Dehydrated Appearance: Light beige, free-flowing, homogeneous, 

Solution: 3.58% solution, soluble in distilled or deionized water. 

Solution is light amber, clear to very slightly opalescent. 

Reaction of 3.58% 

Solution at 25°C: pH 7.0 ± 0.2 
Cultural Response 



Dextrose Broth presumptively identified the streptococci. However, 
because gram-positive bacteria other than enterococci grow in the 
medium, confirmation is necessary. Litsky et al. 2 studied various dyes 
and selective agents and formulated a medium using ethyl violet and 
sodium azide as selective agents. The medium known as Ethyl 
Violet Azide (EVA) Broth is specific for enterococci. In conjunction 
with A2ide Dextrose Broth, EVA Broth is used to confirm the presence 
of enterococci. 

Principles of the Procedure 

EVA Broth contains Tryptose as a source of carbon, nitrogen, vitamins 
and minerals. Dextrose is the carbohydrate. Sodium Azide and 



ORGANISM 



ATCC 



Enterv coccus Jaecatis 
Emerucoccus faecalh 
Escherichia coli 



INOCULUM 
CFU 



GROWTH 



19433* 100-1,000 
29212* 100-1,000 
25922* 1,000-2,000 



good 
good 
inhibited 



The culture* tod ait the minimum that should be used for performance testis 




Uninoculittd 
lube - v 



innrococan beatis 
. ATCC7292T2 
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INTRODUCTION 

In the fifth edition of this Manual in 1991, Farmer and Kelly 
co— d that it was becoming "^£*»Sy 
the family Enterobocterioceoe in a single chapter. The .tarn aly 
includes the plague bacillus Yersinia pesos; the typhoid bac.l- 
Sielbserotype Typhi (Salmonella JtfJOjfajgJJ 
with soecies that often cause diarrhea and other mtestina 
SectTons eve n spe cies that frequently cause nosocomial 
E ions'; many other organisms that occasionally cause 
human or antaal infections; dozens of species that occanon- 
aSHccur in human clinical specimens; and many other 
Secies tha do not occur in human clinica specimens but 
can £ confused with those that do. In the fifth edition all 
these organisms were covered in a single chapter on Entero- 
ESTdivided into six parts. In the sixth edition the 
nSS on Enterobocterioceoe was divided among three 
Chan er : an introduction to the family that Ascribed the 
overaTplan for isolation and identification; a chapter that 
^SSnOa. Shigella, Eschericlua cot, and Yemua , the 

^that-cover.d the remaining . ggL^*"^™ 



rpr that rnverea tne icmauung & w - ; . * . , 

tm ly In the current edition fuTth^bdiwro^has ^ 
3 and there are now four chapters on Enterobacterial 

Ch T^U^^ons, many topics in the present 
chapter are discussed briefly and only a few primary _ litera. 
oSons are given. Several books, ^J"? 
are recommended for more detailed information (4, U, U, 
22, 27, 33, 39,71). 

NOMENCLATURE AND CLASSIFICATION 

The nomenclature and classification of the genera, species, 
XecS, biogroups, and serotypes of the Enterobactenaceae 
have always been topics for hot debate and differing op.n- 
have always f recently, genera and 

'snecie were defined^ y' bio'cnemical and antigenic analysis 
CSS- such as nucleic acid hybridizauon and 
nude c add sequencing that measure evolutionary distance 
?«e chapter 14) have made it possible to determine the 
voluntary relationships of organisms m the family ■ (13, 
33) The use of DNA-DNA hybridization has led to he 
discovery of many new species and has resulted in the reclas- 
sification of some of the older ones (12, U, 

This chapter includes the different names and classifica- 



tions that clinical microbiologists are likely to encounter 
n Ae sc entific literature and in material accompanying 

„dal product, The ^^^Kffi 
eiven in Table 1 are a compromise based on all available 
fvidence and include most of the genera, spec.es, subspec es 
bioeroups, and unnamed Enteric Groups included in the 
femUy I ™ names are widely used for the same organism . 
£5. are given in this chapter with one in parentheses. Most 
of the "nonclinical" organisms in the family are , abo ^uv 
eluded because there is a possibility that they will be isolated 
from a human clinical specimen some day (33, ,36. h 

Most of the newly described or g anisms ( i n ,7r nst dinT- 
only very rarely found in clinical specimens (33 ; most dim 
Sly significant isolates belong to 20 to 25 spec.es that have 
been well known for many years (27). This "^"J^ 
the lists of genera that most often cause bacteremia (Table 
2) nosocomial infections (Table 3), and infections of the 
ga trointestmal tract (Table 4). The , ongina Rations for 
many of the newer genera (1, 9, 10 35. 41, 43 45 46, 
S7-60 63 77, 88, 89) and species (2, 3, /, 0, 14- iv, ^> 
23 25 28-3 34 36 38. 40, 42, 44, 47-50, 52, 54-^6, 
61. 62.' 64-66. 70, 73. 75. 77-79, 85, 90, 92) are given in 
the References section. 

New Species . , 

Several new species have been described since the sixth 

eS was published ^\V^^SSS^ 
{errasutiae (77), Buttiauxelio gawuae (77), Butaauxeua aim 
Ze (77) Buttiauxelio izardii (77), Buttiauxella noacto 
(77? But xauxeU warwboUiae (77), Citrobac^ rodenaum 
formerly Qtrobacter species 9) (16), Enterob^ter kobe. 
70), Enterobacter pymm (21), Kluyvera cochleae (77 , and 
Kluyvera georgiono* (77) (those found inhuman cl.n.ca 
rpedmens g are P ind,cated by an asterisk). These new ^speae 
have been added to Table 1, except for Entente" -Uob* 
(reference strains have been unavailable). All newly * 
scribed species of Enterobocterioceae will eventually be stud 
ied and added. 

The Expanding Number of Enterobacteriaceae 

Species , 

How many species of Enterobocterioceae are there? There ar 

more apparent as methods such as DNA-UNA n> dtiq 
and 16S rRNA sequencing are being used routinely to stud} 
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TABLE 2 Distribution of Enterobacteriaceae, Vibrionaceae, 
and other organisms in patients with bacteremia* 



Organism 



No. of cases/yr b in 
England and Wales 



Family Enterobacteriaceae 
Escherichia coli 
Klebsiella species 
Proteus species 
Enterobacter species 
Salmonella, all serotypes 
Salmonella, serotypes Typhi and 

Paratyphi 
Serratia species 
Civrobacter species 
Providencia species 

Family Vibrionaceae 
Aeromonas species 

Other organisms (for comparison) 
Staphyloccus aureus 
Streptococcus pneumoniae 
Enterococcus species 
Pseudomonas aeruginosa 
Neisseria meningitidis 
Bacteroides species 
Streptococcus species, group B 
Pseudjornonas species 
Acinetobacter species 
Clostridium species 
Hemophilus influenzae 
Bacillus species 
BranharrxUaJMoraxetta species 
Listeria species 
Campylobacter species 
Mycobacterium avium-intraceRulare 



9,680 
2,075 
1,516 
1,316 
413 
140 

368 
326 
55 



40 



9,016 
5,871 
2,821 
1,154 
1,096 
907 
766 
765 
557 
380 
348 
255 
70 
'67 
57 
40 



a Data are for bacteremia (blood, bone marrow, spleen, or heart) from pub- 
lished surveillance reports for England and Wales. Bacteremia is not a reportable 
disease in the United States. 

b Onta are adapted from the CDR Weeldy, Cammunicabk Disease Report (vol- 
ume S. no. 20, 15 May 1998). The tabulations for the first 19 weeks of the years 
I997- a h^"1998"were"averaged-and-rhen^ 
to a full year. 



number of possible reasons; another aerobic or anaerobic 
organism is present and the biochemical profile is the result 
of all the metabolic activities of the mixture; or a handling 
or coding error was made somewhere along the way .Before 
a final report of an unusual organism is issued, it is advisable 
to do as much checking as possible. This could include re- 
peating the biochemical tests in the same commercial sys- 
tem after confirming the absence of a contaminating aerobic 
or anaerobic organism; testing the isolate in another com- 
mercial identification system; and comparing the strain s 
antibiogram with known patterns reported for this organism. 
If these steps do not resolve the problem, the state health 
department can be contacted for advice, and the culture 
will often be accepted for further study. It is not uncommon 
for our reference laboratory to receive strains with a request 
such as: "Commercial identification system 1 called this 
species A, system 2 called it species B, and the state health 
department chinks it is neither of these but is species C. 
Please give us your opinion/' 

Changes in Classification 

There is no designated international body that considers all 
proposed changes in classification and then issues a formal 
ruling on whether to accept them. For many years there has 
been a Subcommittee on Enterobacteriaceae of the Inter- 
national Committee on Systematic Bacteriology, whose 
responsibility is the nomenclature and classification ot 
Enterobacteriaceae. This Subcommittee can make recom- 
mendations on these matters but has rarely done so in the 
past. Even if this Subcommittee studies a specific change 
in classification, it can only make a recommendation, which 
can then be accepted or rejected by the scientific commu- 
nity. It should be emphasized that changes in classification 
are decided by usage not by judicial action. Sometimes two 
classifications are widely used, and both can be "correct. 
Classifications are correct if they conform to all the nomen- 
clatural rules in the Bacteriological Code {International Lode 
of Nomenclature of Bacteria), but they can be useful or not 
useful. 

Changes in Classification Incorporated in Table 1 

SinGe-che-sixth-edition-of-^ 



strains isolated from human clinical specimens, plants, ani- 
mals, and the environment. One example is the recent study 
of Muller et al (77), who found six new species of ButtiauxeU 
la and one new species of Kluyvera in a large collection of 
strains isolated from snails. Clinical microbiologists should 
always be aware that most of the Enterobacteriaceae that they 
encounter every day will belong to just a few of the many 
species described. However, the expanding number of En- 
terobacteriaceae species is becoming a serious problem for 
reference laboratories and for commercial identification sys- 
tems, whose identification methods are becoming inade- 
quate for complete and accurate identification. Strains of 
Enterobacteriaceae isolated from plants, animals, and the en- 
vironment can belong to any of the described species (Table 
1), not just the species that were originally isolated from 
human clinical specimens. When a commercial identifica- 
tion gives an unusual organism for a final identification, 
there are several possibilities to consider: the identification 
is correct, just unusual; the identification is incorrect for a 



■omtc-mc-oiAtu-*.Minv*.-w.-« __ — — _ — 

classification have been proposed in the literature. Several 
of these appear to be clearly justified and have been incorpo- 
rated in Table 1, but others ha^e not been fully discussed 
or accepted by the scientific community. Table 1 gives the 
classification used by the Enteric Reference Laboratory, 
Foodbome and Diarrheal Diseases Laboratory Section, at 
the Centers for Disease Control and Prevention, which may 
differ from other classifications, 

Xenorhabdus-Photorhabdus 

Based on ecological, phenotypic, and molecular evidence, 
Boemare et al. (9) proposed to reclassify the organism Xeno- 
rhobdus luminescent in a new genus, Photorhabdus as Photo- 
rhabdus luminescens. This change seems very logical and pru- 
dent because it separates Xenorhabdus and Photorhabdus, two 
genera that are phenotypically distinct and distantly related 
by DNA-DNA hybridization. In Table 1, the organism for- 
merly known (36) as Xenorhabdus luminescens DN A hybridi- 
zation group 5 is now classified as Photorhabdus DN A hybrid- 
ization group 5. Clinical microbiologists should be aware of 
this organism because it occasionally occurs in human clini- 
cal specimens and has caused a few cases of bacteremia and 
wound infection (36). 
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TABLE 3 Important causes of nosocomial infections in the United States 0 



Organism 



No. {%) of isolates 



Urinary tract 
infection 



Wound or 
surgical site 



Pneumonia 



Blood 



Total 



Enterobacteriaceae 

Escherichia coli 20,218 (25.1) 3,600 (9.2) 1,607 (5.2) 1,511 (5.2) 27,871 (13.7) 

Enterobacter, all species 4,232 (5.2) 2,850 (7.3) 3,257 (10.6) 1,316 (4.5) 12,757 (6.2) 

Klebsiella pneumoniae 5,544 (6.9) 1,250 (3.2) 2,230 (7.2) 1,280 (4-4) 11,015 (5.4) 

Proteus mirab&s 4,077 (5.1) 1,246 (3.2) 779 (2.5) 197 (0.7) 4,662 (2.3) 

Citrobacter, all species 1,553 (1.9) 598 (1.5) 418 (1.4) 174 (0.6) 2,912 (1.4) 

Serraxia marcescens 688 (0.9) 548 (1.4) 1,112 (3.6) , 351 (1.2) 3,010 (1.5) 

Other organisms for comparison 

Enterococci 12,595 (15.6) 4,998 (12.8) 607 (2.0) 2,594 (9.0) 22,033 (10.8) 

Pseudomonas aeruginosa 9,309 (11.5) 3,169 (8.1) 5,162 (16.8) 1,095 (3.8) 20,307 (9.9) 

Staphylococcus aureus 1,569 (2.1) 7,371 (18.8) 5,352 (17.4) 4,625 (16.0) 23,187.(11.4) 

Coagulase-negative staphylococci 3,035 (3.8) 5,147 (13.1) 637 (2,1) 8,481 (29.3) 20,465 (10.0) 

Candida albicans 5,933 (7.4) 984 (2.5) 1,419 (4.6) " 1,380 (4.8) 10,706 (5.2) 

Streptococcic, all species 1,265 (1.6) 1,303 (3.3) 1,050 (3.4) 1,053 (3-6) 4,998 (2.4) 

Candida, other species 1,763 (2.2) 229 (0.6) 245 (0.8) 879 (3.0) 3,370 (1.7) 



0 The First figure is the number of isolates; the number in parentheses is the percentage. Based on nosocomial infection surveillance of over 200,000 cases for the 
United States, 1986 to 1989 (86) and 1990 to 1996 (unpublished data). 



Citrobacter diversus-Citrobacter koseri 
The names Citrobacter diversus and Citrobacter koseri have 
both been used in the literature for some time, but the name 
Civrobacter diversus has been used much more frequently. 
Many workers recognized the phenotypic similarity of these 
two organisms and thought that they might be the same. 
The name Citrobacter diversus became the correct name for 
this organism on 1 January 1980, when the Approved Lists 
of Bacterial Names was issued, because under the laws of 
priority it was the older name. However, in 1993 the Judicial 
Commission of the International Committee on Systematic 
Bacteriology issued an Opinion (66) that the name Citro- 
bacter koseri should be conserved over the name Citrobacter 
diversus, even though the name Citrobacter diversus was the 
older name, the correct name for the organism under the 
mles-of-the-Baetenobgiea/-GGde7-and-the name-used-mosr 
frequently in the literature. This "opinion" needs much 
more discussion by the scientific community, which is be- 
yond the scope of this chapter; therefore, both names are 
included in Table 1. 

Other Proposed Changes in Nomenclature 
and Classification 

Enterobacter agglomerans Croup-Pantoea 
in 1972, Ewing and Fife (29) redefined the name Enterobac- 
ter agglomerans to include a wide variety of organisms known 
under many different names. These investigators also de- 
fined 11 different biogroups to recognize the phenotypic 
diversity of the many strains included in Enterobacter agglom- 
erans. This name has become a useful one for clinical micro- 
biologists and has been used extensively in the literature. 
Systematic analysis by Brenner and coworkers using DNA- 
DNA hybridization indicated that Enterobacter agglomerans 
is very heterogeneous, with at least 14 DNA hybridization 
groups (12). For this reason, the names u Enterobacter agglom- 
erans complex" or "Enterobacter agglomerans group" (33) 
have been used to better indicate the heterogenicity of this 
"species." However, it has been very difficult to find simple 



tests to differentiate and identify all of the DNA hybridiza- 
tion groups (33). For this reason, workers have been reluc- 
tant to subdivide the Enterobacter agghmerans group until a 
definitive classification could be proposed (33). However, 
Gavini et al. (43) recently took the first step in a more 
logical classification for this complex group. They confirmed 
the close relatedness of a group of six strains that Brenner 
et al. had defined as "DNA hybridization group 13 of Entero- 
bacter agglomerans 1 ' and proposed that this group be classified 
in a new genus, Pantoea. They also defined a new species 
in the genus, Pantoea dispersa (43), that corresponded to 
DNA hybridization group 3 of Enterobacter agglomerans of 
Brenner (12). The removal of these strains formerly classi- 
fied in two DNA-DN A hybridization groups of Enterobacter 
agglomerans into a new genus, Pantoea, is a logical first at- 
- tempr to reduce thehe terogeni c i tyofthe genus Enterobacter 
and is based on sound scientific evidence. 

However, this new classification has caused some prob- 
lems. Some authors have broadened the original definition 
of Gavini et al. for Pantoea agglomerans. Gavini et al. were 
very careful to define Pantoea agglomerans to include only 
the strains that were closely related by DNA-DNA hybridi- 
zation to strain ATCC 27155. Similarly, Pantoea dispersa 
was carefully defined to include only the strains that were 
highly related by^NA-DNA hybridization to the type 
strain of this new species, ATCC 14589. For the genus Pan- 
toea and its species to remain homogeneous and well de- 
fined, these original species definitions must be adhered to 
very strictly. Since DNA-DNA hybridization is not rou- 
tinely available and since simple tests are not available to 
definitively identify strains to the level of DNA hybridiza- 
tion group, it seems prudent to retain the vernacular name 
"Enterobacter agglomerans group" as a convenient name for 
clinical microbiologists for routine identification. This term 
is defined biochemically in Table 1, and it should be empha- 
sized that it is used merely for convenience and because the 
name Enterobacter agglomerans is well understood and widely 
used in the literature. Eventually, this term will be replaced 
with a better classification. When definitive testing in a 



^TEnterobacteriaceae □ 449 



TABLE 4 Salmonella and Shigella serotypes in the 
United States 0 

•Rank and serotype 



Salmonella serotypes 

1 Enteritidis 

2 Typhtmurium 

3 Heidelberg 

4 Newport 

5 Montevideo 

6 Javiana 

7 Oranienburg 

8 Hadar 

9 Agona 

10 Munchen 

11 Thompson 

12 Saintpaul 

13 Branderup 

14 lnfantis 

15 Typhi 

16 Poona 

1 7 Paratyphi B 

18 Anatum 

19 Java 

20 Mbandaka 

Subtotal (20 most common serotypes) 

Other important (invasive) serotypes: 
Paratyphi A 
Paratyphi C 
Choleraesuis 

Other serotypes, or not typed 
Total Salmonella isolates 



Shigella serotypes 

1 Shigella sormei (serogroup D) 

2 Shigella flexneri (serogroup B) 

3 Shigella boydii (serogroup C) 
4_ Shigella dysenteriae (se rogroup A) 



Shigella, not completely typed 
Total Shigella isolates 



No. of 
isolates 



9,566 
9,500 
1,998 
1,985 
1,227 
749 
689 
658 
606 
595 
587 
562 
532 
503 
440 
415 
337 
270 
250 
223 
31,692 



79 
22 
34 

10,649 
34,520 



11,094 
4,015 
396 
181 



T573~ 
17,259 



a Data are from the latest published annual summaries from the Centers for 
Disease Control and Prevention. SalmoneUa Surveillance for 1996 and Shigella 
Surveillance for 1993 to 1995. 



reference laboratory (usually including DNA hybridization) 
is done, more precise names can be used in reporting- Exam- 
pies could include Pantoea agglomerans (DNA hybridization 
group 13), Pantoea dispersa (DNA hybridization group 3), 
Enterobacter agglomerans DNA hybridization group 1, En- 
terobacter agglomerans DNA hybridization group 2, Entero- 
bacter agglomerans DNA hybridization group 12, etc. Precise 
identification to the level of DNA-DNA hybridization 
group is not available to the clinical microbiologist and will 
be limited to bacterial taxonomists and Enterobacteriaceae 
reference laboratories until simple identification methods 
become available. 

Enterobacter taylorae-Enterobacter cancerogenus 
Enterobacter taylorae and Enterobacter cancerogenus may be 
two names for the same organism (44). However, they have 



different type strains; therefore, they are not objective syn- 
onyms" under the rules of the Bacteriobgcal Code. Until 
the identity of these two organisms is confirmed by other 
laboratories, both names will be used (Table 1). 
Nomenclature, Classification, and Reporting of the 
Genus Salmonella 

After much study and discussion, there is now good agree- 
ment on most of the nomenclature and classification ot the 
genus Salmonella (27, 37, 76, 81. 83). However, there are 
still several problem areas where different names or classifi- 
cations are being used. These include the names .Salmonella 
choleraesuis versus Salmonella enterica; the use of the terms 
"serotype" (sometimes abbreviated as ser.) versus serovar ; 
the best way to write the names of the serotypes (serovars); 
the use of names versus antigenic formulas for some ot the 
serotypes; and the argument whether some well-known sero- 
type names should be eliminated and combined with other 
serotypes. Most of these points are discussed by McWhorter- 
Murlin and Hickman-Brenner (76), who summarize the dif- 
ferences between the nomenclature used at CDC (see chap- 
ter 28 for examples of this nomenclature and usage) and 
that used at the Institut Pasteur. 
Historical Species Concept in the Genus Salmonella 
Until the 1970s, the species concept in the genus Salmonella 
was based on epidemiology, host range, biochemical reac- 
tions, and antigenic structure (the O antigen, phases 1 and 
2 of the H antigen, and the Vi antigen, if present), and 
strains that differed in one or all of these properties were 
given distinct names. Names such as Salmonella typhi, Salmo- 
nella choleraesuis (originally some names were written with 
a hyphen, which was eventually dropped), SalmoneUa para- 
typhi A, Salmonella paratyphi A var. durazzo, Salmonella typhi- 
murium, Salmonella vyphimurium var. Copenhagen, SalmoneUa 
enteritidis, and Salmonella newport began to appear, and the 
list rapidly expanded to hundreds of names Some workers 
believed that these names really represented biological spe- 
cies (69), but others thought they were antigenic and bio- 
chemical varieties with an uncertain evolutionary relation- 
ship. However, there was universal agreement that the 
names were an extremely useful way to communicate about 
the particular serotypes. Most authors wrote the serotype 

halnFs IrrrtalicTl^ tor 

example, Salmonella vyphimurium (37). 

Basis for the Current Classification of the Genus 
Salmonella 

In 1973, Crosa et al. (24) used DNA-DNA hybridization 
to show that Salmonella strains could be grouped into rive 
main evolutionary groups. Two (possibly three) additional 
groups are now known (11, 81, 83). The vast majority of 
strains that cause infections in humans occurred in DNA 
hybridization group 1 (I). Strains isolated from animals and 
the environment clustered together im c . the four other 
groups, designated DNA groups 2 (II), 3a (UIA), 3b (IIIB), 
and 4 (IV). Over the years, different authors have used dif- 
ferent terms to refer to these evolutionary groups: DNA- 
DNA hybridization groups (24), multilocus enzyme electro- 
phoresis clusters (11, 83), subgenera (69), species see the 
Approved Lists of Bacterial Names), and subspecies Wo, oi, 



82). 

A Single Species of Salmonella— Salmonella 
choleraesuis 

Crosa et al. (24) showed that all five groups of Salmonella 
were very highly related. With the species definition usually 
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used in DN A hybridization, these five groups could be con- 
sidered as belonging to the same species. Under the rules of 
the Bacteriobgicat Code, the name of this species is Salmonella 
choleraesuis. However, this species name can cause confu~ 
sion, since Salmonella choleraesuis would have two totally 
different meanings, one as a species and one as a serotype. 

A Single Species of Salmonella — Salmonella 
enterica 

There has been support for making an exception to the rules 
of the Bacteriological Code and using a name that would not 
cause confusion. There was a formal proposal to coin a new 
name, Salmonella enterica, that would replace the name Sal- 
monella choleraesuis as the species name to represent most 
of the serotypes of Salmonella. The main advantage of this 
proposal is that it would reduce confusion by using a new 
name that has never been used as a serotype name. However, 
the proposal to change the name from Salmonella choleraesuis 
to Salmonella enterica was denied by the Judicial Commission 
of the International Committee on Systematic Bacteriology; 
hence, the name Salmonella choleraesuis remains the correct 
name. A second proposal to the Judicial Commission is 
being prepared; if approved, it would change the status of 
Salmonella enterica from "without standing in nomenclature, 
thus illegitimate" to "with standing in nomenclature, and 
legitimate." The name Salmonella enterica is being used by 
the World Health Organization's International Center for 
Salmonella (81 ) and by some of the World Health Organiza- 
tion's National Centers for Salmonella, including the one in 
the United States (76). The name is also appearing in the 
literature. 

Different Nomenclatures for Serotype Names 
Another point of disagreement concerns the method of writ- 
ing serotype names. For almost 100 years, serotype names 
have been written as species (the "serotype as species" no- 
menclature), and this method is still widely used. An exam- 
ple of this nomenclature: " Salmonella enteritidis is now the 
most common serotype in the United States and in many 
European countries." 

Recently, the World Health Organization's Interna- 
tional Center for Salmonella , a laboratory at the I nstitut Pas- 
teur, Paris, France, introduced a different nomenclature in 
which the serotype name is capitalized and not written in 
italics. In this nomenclature, the name Salmonella enteritidis 
in the previous paragraph would be written in one of the 
following ways: "Salmonella serovar Enteriditis," "Salmonella 
ser. Enteritidis," or "Salmonella Enteritidis." The nomencla- 
ture described by McWhorter-Murlin and Hickman-Bren- 
ner (76) is similar, but they recommend using the term "ser- 
otype" instead of "serovar." The main advantage of these 
nomenclatures is that they do not artificially treat the sero- 
types as species. The main disadvantage is that they create 
a new nomenclature, which differs from one that has been 
widely accepted and used for many years, since there have 
been literally hundreds of thousands of uses of the "serotype 
as species" nomenclature in the literature. The Interna- 
tional Salmonella Center's nomenclature is being used (often 
with modifications) by some of the National Centers for 
Salmonella, including the one at the Centers for Disease 
Control and Prevention (76). However, other National 
Centers for Salmonella, such as the one in England, continue 
to use the "serotype as species" nomenclature (for examples, 
see publications from the World Health Organization's Na- 
tional Center for Salmonella in England and epidemiological 
tabulations in the English epidemiological bulletin, CDR 



Reports). Since Salmonella names are being written differ- 
ently by different authors and different National Centers 
for Salmonella, it is not surprising that the literature is begin- 
ning to reflect this variety of names. Recent examples of 
the way "serotype Typhimurium" is being written include 
Salmonella serotype Typhimurium, Salmonella ser. Typhimu- 
rium, Salmonella typhimurium, Salmonella Typhimurium, Sal- 
monella typhimurium, Salmonella serovar Typhimurium, and 
Salmonella serovar typhimurium. When the above variations 
are combined with the four species/subspecies possibilities, 
i.e., Salmonella choleraesuis, Salmonella choleraesuis subspecies 
choleraesuis, Salmonella enterica, and Salmonella enterica sub- 
species enterica, the number, of possible variations is multi- 
plied considerably (one example of the over two dozen possi- 
ble ones is Salmonella enterica subspecies enterica serovar 
Typhimurium). 

Laboratory Reports for Isolates of Salmonella 
Most clinical microbiology laboratories will identify a Sal- 
monella isolate with a commercial identification system and 
then usually with Salmonella antisera. These two methods 
usually give definitive results, and a report can be issued 
such as "Salmonella serogroup B." Thus, fortunately, clinical 
microbiology laboratories are usually immune from the 
above problems in their reporting. A reference laboratory 
can do definitive serotyping and biochemical testing and 
can determine a complete serotype. A report such as "Salmo- 
nella serotype Typhimurium" can be issued. The advantage 
of this simple wording of reports is that it avoids the 
subgenus/species/subspecies concept entirely and concen- 
trates on the actual laboratory results, which should be easily 
understood. 

Nomenclature for Shiga Toxins/Verotoxins 
Produced by £ coli and Shigella 

In a similar vein to the problems described for Salmonella, 
several different names are being used in the literature for 
the cytotoxins produced by E. coli and Shigella. This topic 
is critical because of the importance of E. coli 0157 and 
other strains that produce these toxins (see chapter 28). 
Several different commercial assays for these toxins are 
_being_marketed;.thus-ius-essential to read-the-package-insert— 
carefully to determine exactly which toxin(s) the kit is de- 
tecting, and to word laboratory reports accordingly. 

For almost 100 years, it has been known that Shigella 
dysenteriae Ol produces a potent cytotoxin known as Shiga 
toxin. More recently, it has been shown that certain diar- 
rheagenic strains of E. coli produced a similar toxin that was 
first detected because it was cytotoxic for Vero cells in tissue 
culture. A number of recent studies have defined these pro- 
teins from Shigella dysenteriae Ol and E. coli, and there is 
agreement that they comprise a family of toxins. They are 
being referred to in the literature as Shiga toxin, Shiga-like 
toxins, and verotoxins; and at least five different toxins are 
involved (20). The main disagreement in the literature is 
that some workers have referred to these cytotoxins pro* 
duced by E. coli as "Shiga-like toxins," but others have used 
the term "verotoxins" (VT). Recently, Calderwood et al. 
summarized the data available and proposed a new nomen- 
clature for the toxins and for their corresponding genes.(20). 
They recommended that strains of E. coli that produce these 
toxins be called "Shiga toxin-producing" E. coli, which 
would replace the previous term, "Shiga-like toxin produc- 
ing." They also recommended that the new toxin name be 
cross-referenced with the corresponding verotoxin name. 
With this nomenclature, a laboratory report for a stool cul- 
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cure might be worded, u p° sitive f° r E. c0 ^ 0157:H7, which 
produces Shiga toxins Stxl (VT1) and Stx2 (VT2) Hope- 
fully the differences between the groups using the two differ- 
ent nomenclatures can be resolved, resulting in a single no- 
menclature in the literature. 

DESCRIPTION OF THE FA/VMLY 
ENTEROBACTERIACEAE 

Most organisms in the family Enterobacteriaceae share the 
following properties: they are gram negative and rod shaped; 
do not form spores; are motile by peritrichous flagella or 
nonmotile; grow on peptone or meat extract media without 
the addition of sodium chloride or other supplements; grow 
well on MacConlcey agar; grow both aerobically and anaero- 
bically; are active biochemically; ferment (rather than oxi- 
dize) D-glucose and other sugars, often'with gas production; 
are catalase positive and oxidase negative; reduce nitrate to 
nitrite; contain the enterobacterial common antigen; and 
have a 39 to 59% guanine -plus -cytosine (G + C) content of 
DNA (4). Species in the family should also be more closely 
related (by techniques that measure evolutionary distance) 
to Escherichia coli, the type species of the type genus of the 
family, than they are to organisms in other families. 

NATURAL HABGTATS 

Enterobacteriaceae are widely distributed on plants and in 
soil, water, and the intestines of humans and animals (4). 
Some species occupy very limited ecological niches. Salmo- 
nella typhi causes typhoid fever and is found only in humans 
(53). In contrast, strains of Klebsiella pneumoniae are distrib- 
uted widely in the environment and contribute to biochemi- 
cal and geochemical processes (71). However, strains of K. 
pneumoniae also cause human infections, ranging from 
asymptomatic colonization of the intestinal, urinary, and 
respiratory tracts to fatal pneumonia, septicemia, and men- 
ingitis. 

CLINICAL SIGNIFICANCE 

Strains of Enterobacteriaceae are associated with abscesses, 
— pneumon iay— meningitis ~sept icemia7"an^^infe^t ions "of 
wounds, the urinary tract, and the intestines. They are a 
major component of the normaHntestinal flora of humans 
but are relatively uncommon at other body sites. Several 
species of Enterobacteriaceae are very important causes of 
nosocomial infections (Table 3). Enterobacteriaceae may ac- 
count for 80% of clinically significant isolates of gram-nega- 
tive bacilli and 50% of clinically significant bacteria in clini- 
cal microbiology laboratories. They account for nearly 50% 
of septicemia cases (Table 2), more than 70% of urinary 
tract infections, and a significant percentage of intestinal 
infections. 

Human Extraintestinal Infections 

Except for the species of Shigella, which rarely cause infec- 
tions outside the gastrointestinal tract, many species of En- 
terobacteriaceae commonly cause extraintestinal infections. 
However, a small number of species, i.e., E. coli, Klebsiella 
pneumoniae, K. oxytoca, Proteus mirabilis, Enterobacter aero- 
genes, Enterobacter cloacae, and Serratia marcescens, account 
for most of these infections (Tables 2 and 3). Urinary tract 
infections, primarily cystitis, are the most common (86), 
followed by respiratory, wound, bloodstream, and central 



nervous system infections. Many of these infections, espe- 
cially sepsis and meningitis, are life-threatening and are 
often hospital acquired. Because of the severity of these in- 
fections, prompt isolation, identification, and susceptibility 
testing of Enterobacteriaceae isolates are essential. 

Human Intestinal Infections 

Several organisms in the family Enterobacteriaceae are also 
important causes of intestinal infections of humans (Table 
4) and animals worldwide. Although other species in the 
family have been associated with diarrhea (91) or even im- 
plicated as causes of diarrhea, only organisms in four genera, 
Escherichia (26, 32, 68, 93), Salmonella (24, 37, 53, 81), Shi- 
gella (27), and Yersinia (6, 67, 84), have been clearly docu- 
mented as enteric pathogens. These four genera are dis- 
cussed in chapters 28 and 30. Other Enterobacteriaceae such 
as Citrobacter, Edwardsiella, Hafnia, Morganella, Proteus, 
Klebsiella, Enterobacter, and Serratia, have occasionally been 
implicated (4, 91). Strains that produce biologically active 
compounds (these are often overstated as being "entero- 
toxin-producing strains") of these Enterobacteriaceae have 
been isolated from people with diarrhea (91), but the etio- 
logical roles of these strains are uncertain. Some laboratories 
issue reports for stool cultures such as, "Klebsiella pneumoniae 
isolated in essentially pure culture ( 10 of 10 colonies tested); 
please consult the laboratory to discuss possible signifi- 
cance," to reflect this drastic change in the stool flora. There 
is no evidence that strains of these other genera are impor- 
tant causes of diarrhea. 



SPECIMEN COLLECTION, TRANSPORT, 
AND PROCESSING 

Extraintestinal Specimens 

Enterobacteriaceae are recovered from infections at many dif- 
ferent body sites, and normal practices (see chapters 4 and 
5) for collecting blood, respiratory, wound, urine, and other 
specimens should be followed. 

Intestinal Specimens 

Stool cultures are usually submitted to the laboratory with 
^request to isolate and ide ntify__the_cause_of a.possible intes^ 
tinal infection, usually manifested as diarrhea. The groups 
of Enterobacteriaceae usually associated with diarrhea in the 
United States are Salmonella, Shigella, and certain patho- 
genic strains of E. colt and Yersinia enterocolidca. 

Stool specimens require special attention to both collec- 
tion and transportation and should be obtained early in the 
course of illness, when the causative agent is likely to be 
present on primary plates in the largest numbers. At this 
stage, the use of enrichment broths should be unnecessary. 
Except for typhoid fever, the isolation rate for enteric patho- 
gens declines as the patient recovers. Freshly passed stool 
is a better specimen than rectal swabs, since there is less 
chance for improper collection and since mucus and blood- 
stained portions can be selected for culture. Stool cultures 
should be plated within 2 h of collection, to recover fastidi- 
ous pathogens such as Shigella. If rapid processing is not 
possible, a small portion of feces or a swab coated with feces 
should be placed in transport medium. Commonly used 
transport media include Stuart, Amies, Cary-Blair, and buff- 
ered glycerol saline. Cary-Blair is probably the best overall 
transport medium for diarrheal stools. Specimens held in 
transport media should be refrigerated until examined. In 
certain circumstances, such as with infants or during mass 
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screening in outbreak investigations, rectal swabs may be 
useful. Mucosa within the rectal vault must be sampled for 
these specimens to be of optimum value. Many different 
procedures have been described for processing stool speci- 
mens. In cases of chronic or severe diarrhea, rare pathogens 
should also be considered. More information about the isola- 
tion, identification, typing, and virulence testing of isolates 
of Salmonella, Shigella, E. cot, and Y. enterocolitica is given 
in chapters 28 and 30. 

Microscopic Examination 

Stool specimens should be examined visually for the pres- 
ence of blood or mucus, but microscopic examination should 
not be done routinely because of its lack of specificity (22, 
26, 5 1 , 80). Although identification by fluorescent-antibody 
staining is theoretically possible for all enteric pathogens, 
it has been of limited success because the method is difficult 
and there are many serological cross-reactions among the 
species of Enterobacteriaceae (27). This technique has been 
limited to detection of Salmonella strains (primarily by the 
food industry) and certain serogroups of E. coli and to out- 
break investigations. 

ISOLATION 
Extraintestinal Specimens 

Most strains of Enterobacteriaceae grow readily on the plating 
media commonly used in clinical microbiology laboratories. 
Specimens from body sites that are normally sterile are cul- 
tured on blood or chocolate agar. Urine, respiratory tract, 
and wound specimens, which are likely to contain mixtures 
of organisms, are almost always cultured on selective media 
to enhance the recovery of Enterobacteriaceae. MacConkey 
agar, generally interchangeable with eosin methylene blue 
(EMB) agar, is usually used, because it allows a preliminary 
grouping of enteric and other gram-negative bacteria. The 
most common isolates of Enterobacteriaceae have a charac- 
teristic appearance on blood agar and MacConkey agar that 
is useful for preliminary identification (Table 5). Broth en- 
richment can increase the isolation rate if small numbers 
of Enterobacteriaceae are pr esent, but this step is not normally 
requiredr ~ 

Intestinal Specimens 

Media that should be used routinely for intestinal specimens 
include a nonselective medium such as blood agar, a differ- 



ential medium of low to moderate selectivity such as Mac- 
Conkey agar, and a more selective differential medium such 
as xylose-lysine-deoxycholate (XLD) agar or Hektoen en- 
teric (HE) agar. A broth enrichment such as selenite (or 
GN or tetrathionate) can be included, particularly if the 
specimen is not optimal, A highly selective medium such 
as brilliant green agar or bismuth sulfite agar can also be 
included for isolating strains of SdrnoneUa. A plate of sorbi- 
tol-MacConkey (SMAC) agar can be added to enhance the 
isolation of Shiga toxin-producing strains of E. coli Ol 5 7: 
H7. This medium should be used if the stool is frankly bloody 
or if the patient has a diagnosis of hemolytic-uremic syn- 
drome (HUS), and it can be used for all fecal specimens if 
resources permit (see chapter 28). When Y. enterocolitica 
is suspected, a selective-differential medium, such as CIN 
(cefsulodin-irgasan-novobiocin) agar (also called Yersinia 
selective agar), can be added (see chapter 30). A complete 
stool culture procedure should also include media for isola- 
tion of Campylobacter and possibly Vibrio strains in areas 
where cholera and other Vibrio infections are common. 

IDENTIFICATION 

There are many different approaches to identifying strains 
of Enterobacteriaceae (33). 

Conventional Biochemical Tests in Tubes 

Tube testing was once used by all clinical microbiology labo- 
ratories, and it is still widely used in reference and public 
health laboratories (27, 33). Although many laboratories 
prepare their own media from commercial dehydrated pow- 
ders, most of the common media are also available commer- 
cially in glass tubes that are ready to inoculate. Growth from 
a single colony is inoculated into each tube, and the tests 
are read at 24 h and usually also at 48 h. In the Enteric 
Reference Laboratory, most tests are read for 7 days. Unfor- 
tunately, the media and tests are not completely standard- 
ized, and few laboratories use exactly the same formulations 
or procedures. Even with these variables, this approach usu- 
ally results in correct identifications of the common species 
of Enterobacteriaceae. Table 1 gives the results for Enterobac- 
ier^eae_injr7_testsjfor._the_media-and-methods-used-to- 
generate the data in this table, see references 31 and 53). 

Computer Analysis To Assist in Identification 

Two microcomputer programs have been developed in the 
Enteric Reference Laboratory to assist with the identifica- 



TABLE 5 Colonial appearance of some of the most common Enterobacteriaceae on MacConkey agar 
and sheep blood agar 0 

Appearance and typical colony diameter on: 
Genus or species — 

MacConkey agar Sheep blood agar 6 

Salmonella and Shigella 
Versmia enterocolitica 
Escherichia coli (lactose positive) 
Escherichia coli (lactose negative) 
Klebsiella pneumoniae 
Emerobacter 

Proteus vulgaris and Proteus mirabilis 
Other Proteus , Providencia, and Morganella 
species 

a Most strains appear this way, but there are exceptions. 

b Unlike Vibrionaceae, -mosr strains of Enterobacteriaceae are nonhemolytic. However, a few strains of E. coli are strongly hemolytic 



Colorless, flat, 2-3 mm 
Colorless, <1 mm 

Red, usually surrounded by precipitated bile, 2-3 mm 

Colorless, 2-3 mm 

Pink, mucoid, 3-4 mm 

Pink, not as mucoid as Klebsiella, 2-4 mm 

Colorless, flat, often swarm slightly, 2-3 mm 

Colorless, flat, no swarming, 2-3 mm 



Smooth, 2-3 mm 
Smooth, <1 mm 
Smooth, 2-3 mm 
Smooth, 2-3 mm 
Mucoid, 3-4 mm 
Smooth, 3-4 mm 
Swarm in waves to cover plate 
Flat, 2-3 mm, no swarming 
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tion of Enterobacteriaceae cultures. "George" and "Strain 
matcher" were described in the 1985 review of the family 
(33). A detailed description and information for obtaining 
them is available by contacting the author and is being 
prepared for the Internet. 

Screening Tests, Using All Information Available 

Over the years, the Enterobacteriaceae reference laboratories 
have found that many genera, species, and serotypes can be 
tentatively identified by a minimum number of screening 
tests (Table 6). These tests may be more useful in a reference 
or research laboratory that does not have to deal with all of 
the regulatory aspects of testing human clinical specimens. 



More precise identification can be made by using more tests 
or commercial identification systems. For example, a blood 
isolate has the following properties: colonies on MacConkey 
agar are 2 to 3 mm in diameter, are bright red and nonmu- 
coid, and have precipitated bile around them; they are in- 
dole positive and 4-methylumbelliferyl-)8'D'glucuronidase 
(MUG) positive; they grow at 44.5°C; and they are annbi* 
otic resistant. These results are completely compatible with 
Escherichia coll Similarly, an isolate from the feces of a diar- 
rhea patient has the following properties: colonies on Mac- 
Conkey agar are 2 to 3 mm in diameter and colorless; colo- 
nies on XLD agar are 2 to 3 mm and black; the isolate 
agglutinates in Salmonella polyvalent serum and in O-group 



TABLE 6 Screening tests for genera and species of Enterobacteriaceae often isolated from human clinical specimens 0 



Organism 
(genus, species, or serotype) 



Test or property^ 



Citrobacter 
Enterbbacter 
Escherichia coli 

Escherichia coli 0157:H7 

Hafnia 
Klebsiella 

Proteus-Providencia-Morganella 
M organella 
Proteus 

Proteus mirabilis 
Proteus vulgaris 
Providencia 
Salmonella 



Salmonella typhi 
Senatia 

Serratia marcescens 
Senaaa, other species 
Shigella 



Citrate*, lysine decarboxylase", often grows on CIN agar, strong characteristic odor 
Variable biochemically, citrate*, VP*, resistant to cephalothin 

Extremely variable biochemically, indole*, MUG*, grows at 44.5°C, sometimes antibiotic resistant, 

molecular test: PhoE w . 
Colorless colonies on sorbitol-MacConkey agar, MUG", D-sorbitol (or delayed), agglutinates m 

0157 serum and H7 serum 
Lysed by Hafnia specific bacteriophage'; often more active biochemically at 25 than U 
Mucoid colonies, encapsulated cells, nonmotile, lysine*, very active biochemically, ferment most 

sugars, VP*, malonate*, resistant to carbenicillin and ampicillin 
Phenylalanine*, tyrosine hydrolysis*, often urea*, resistant to colistin _ + 

Very inactive biochemically, no swarming, citrate", H 2 S~, ornithine*, gelatin , lipase , urea 
Swarms on blood agar, pungent odor, H2S*, gelatin*, lipase* 
Urea*, indole", ornithine*, maltose" 
Urea* indole*, ornithine", maltose* 

No swarming, H 2 S", ornithine", gelatin", lipase" .11 

Lactose", sucrose", H 2 S + , Ol phage**, MUCAP** 1 , agglutinates in polyvalent serum , typical colo- 
nies on media selective or differential for Salmonella (brilliant green agar, SS agar, Rambacn 
agar, etc.), lysed by Salmonella-specific bacteriophage," often antibiotic resistant 

H 2 S* (trace amount only), agglutinates in group D serum 

DNase*, gelatinase*, lipase*, resistant to colistin and cephalothin 

L-Arabinose" 

L-Arabinose* .... 
Nonmotile, lysine", gas", agglutinates in polyvalent serum, biochemically inactive, often antibiotic 
-resistantrnu)lecular-test:-PhoE*^- 



Agglutinates in group C serum, D-mannitol* 
Agglutinates in group A serum, D-mannitol~ 
Catalase", agglutinates in Ol serum, Shiga toxin* 

Agglutinates in group B serum, D-mannitol* j\ 1 

Agglutinates in group D serum, D-mannitol*, ornithine decarboxylase*, lactose (delayed), colony 

variation: smooth to rough 
Grows on CIN agar, often more active biochemically at 25 than 36°C (motile at 25 C nonmotile 

at 36°C), urea* _ 
CR-MOX*, pyrazinamidase", salicin", esculin", agglutinates in O sera: 3; 4,32; 5,Z7; 0; y; LJaJJb; 

18; 20; or 21 

D-Xylose", agglutinates in 03 serum, tiny colonies at 24 h on plating media 

CR-MOX", pyrazinamidase*, salicin*, esculin*, no agglutination in O sera: 3; 4,32; 5,27; 8; 09; 
13a,13b; 18; 20; and 21 _ 

* This table gives only the general properties of the genera, species, serogroups, so there will be exceptions. See Table 1 and chapters 28 to 30 hi - more : details 
and more precise data. The properties listed for a genus or group of genera generally apply for eacK of its species, and the properties listed for a species generally appiy 

^ "^nemicaTt^Tresults are given as percentages in Table 1. The serologic tests refer to slide agglutination in group or individual antisera for Salmonelk, Shigella, 
Yersinia, or E. coii. 

c These are two bacteriophage tests useful for identification. , j ; #„„«ri->l 

d Abbreviations: CIN. cefsulodin-irgasan-novobiocin agar (a placing medium selective for Yersinia); CR-MOX, Congo red, magnesium oxalate agar (a d rrerential 
medium useful for distinguishing pathogenic from nonpathogenic strains of Yersinia); MUCAP, 4-methylumbelliferyl caprylate (a genus-specific test for ^"^"^ 
MUG, 4-methylumbelliferyU^D-gIucuronidase; ONPC, o-nitrophenyl-^D-galactopyranoside; PhoE, a test done by PCR that is sensitive and speaftc tor t. cob and 
Shigella (see the text); VP, Voges-Proskauer. 



Shigella boydii 
Shigella dysenteriae 
Shigella dysenteriae Ol 
Shigella flexneri 
Shigella sonnei 

Yersinia 

Yersinia enterocolitica, 

pathogenic serotypes 

Yersinia enterocolitica 03 

(a pathogenic serotype) 

Yersinia enterocolitica, 

nonpathogenic serotypes 
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B serum; the 4-methylumbelliferyl caprylate (MUCAP) test 
is positive; lysis by bacteriophage Ol is positive; and it is 
antibiotic resistant. All these results are compatible with 
Salmonella serogroup B. 

"Kits" for Identification 

A kit is defined as a series of miniaturized or standardized 
tests that are available commercially. The approach in using 
kits is similar to the conventional tube method, with the 
main differences being in the miniaturization, number of 
tests available, suspending medium, and method of reading 
and interpreting results (sometimes by machine). Kits are 
now used by most American laboratories; they are discussed 
in chapter 11. Kits usually give the correct identification 
for the most common species of Enterobacteriaceae, but they 
may not be as accurate for some of the new species. It is 
important to check the instruction manual to determine 
which organisms are included in the database and the num- 
ber of strains that were used to define each organism. The 
main problem with kit-based identification is that the tests 
used (usually about 20 tests) are becoming inadequate to 
differentiate all of the current species of Enterobacteriaceae 
given in Table 1. This is also a problem with conventional 
tube tests when an inadequate number is used. Unusual 
identifications or u no identification" obtained with a kit 
should be checked by other methods. 

Molecular Methods of Identification 

Molecular methods have proved useful for identification to 
the level of family, genus, species, serotype, clone, and strain 
and for differentiation of pathogenic from nonpathogenic 
strains (see chapter 13). For example, a PCR test for the 
phoE gene appears to be a sensitive and specific test for 
determining if a culture belongs to Escherichia-Shigella (87). 
However, few if any of these molecular methods are com- 
mercially available. Commercial methods also must be ap- 
proved by the Food and Drug Administration for use on 
human clinical specimens in the United States. These prob- 
lems have greatly restricted the use of molecular methods 
for Enterobacteriaceae in clinical microbiology laboratories. 
However, they have proved extremely useful in a research 
setting. To conform with the CLIA (Clinical Laboratory 
-Improvement-Amendments^of-19887also~called"CtIA _t 88)~ 
regulations, it is necessary to report these research results 
with a disclaimer unless all the CLIA requirements have 
been met. 

Problem Strains 

Most strains of Enterobacteriaceae grow rapidly on plating 
media and on media used for biochemical identification, 
but occasionally a slow-growing or fastidious strain is en- 
countered. Some strains grow poorly on blood agar but much 
better on chocolate agar incubated in a candle jar. This 
characteristic suggests a possible nutritional requirement or 
a mutation involving respiration. There are slow-growing 
strains of E. coli, K. pneumoniae, and Serrada marcescens, 
and typical biochemical reactions of these strains usually 
require extended incubation. Another type of problem or- 
ganism is sometimes isolated from patients who are taking 
antimicrobial' agents. Li et aL described such "pleiotropic" 
(having multiple phenotypic expression) mutants of S. 
marcescens (74) and Salmonella after exposure to gentamicin. 
These strains react atypically in many of the standard bio- 
chemical tests and are difficult to identify- A different type 
of pleiotropic mutant induced by chemical exposure was 
reported by Lannigan and Hussian (72). A Salmonella strain 



lost the ability to produce hydrogen sulfide, reduce nitrate 
to nitrite, and produce gas from glucose because of chlorate 
resistance acquired after exposure to Dakin's solution (a so- 
lution that contains chlorate and is found in hospitals)/ 
Some atypical and slow-growing strains become more typi- 
cal and grow better when they are transferred several times. 
Laboratories occasionally isolate strains that grow rapidly 
but do not have biochemical reactions that fit any of the 
described species, biogroups, or Enteric Groups of Enterobac- 
teriaceae. At present, this type of culture can only be reported 
as " unidentified." It may be an atypical strain of one of the 
organisms listed in Table 1, or it may belong to a new species 
that has not been described. Additional testing at a state, 
national, or international reference laboratory can often an- 
swer this question, and has in the past led to the discovery 
of new causes of human infections (12, 16, 33, 77). 

ANTIBIOTIC SUSCEPTIBILITY 

Several methods are available for testing the antibiotic sus- 
ceptibility of Enterobacteriaceae, but the -most popular are 
disk diffusion (5) and broth dilution (see chapter 118). In 
addition, the reader should consult a current textbook or 
review of infectious diseases for a description of antibiotic 
usage in clinical practice. 

When antibiotics were first introduced, there was only 
slight resistance among the species of Enterobacteriaceae. 
Today, antibiotic resistance is much more common among 
strains isolated from humans and animals. Resistance pat- 
terns vary depending on the organism and its origin. 

Intrinsic Resistance 

Intrinsic resistance is a genetic property of most strains of 
a species and evolved long before the clinical use of antibiot- 
ics. This evolution can best be shown by studying strains 
isolated and stored before the antibiotic era or by studying 
strains from nature that presumably have had less exposure 
to antibiotics. For example, essentially all strains of Serrada 
marcescens have intrinsic resistance to penicillin G, colistin, 
and cephalothin. Table 7 lists some species of Enterobacterial 
ceae and their intrinsic resistance patterns. 

-The-Antibiogram asa MarkeHn EpidemiologicaJ^™ 
Studies 

Antibiotic susceptibility testing is usually done on isolates 
that are clinically significant (see chapter 7) and provides 
an "antibiogram" that is useful for comparing isolates in 
epidemiologic studies. When the selective ecological pres- 
sure of antibiotics is changed, the resistance patterns of epi- 
demic (or endemic) strains may also change. These changes 
have been documented in outbreaks that have lasted for 
several months or longer. Even with these limitations in 
stability, the antibiogram is probably the most useful and 
practical laboratory marker for comparing strains and can 
be extremely helpful in recognizing infection problems. 

Use of Antibiograms for Identification 

The antibiogram of a culture can be compared with those 
of known isolates (Table 7) to provide a different approach 
to identification. When the antibiogram and identification 
are incompatible (for example, a culture of Klebsiella that is 
susceptible to ampicillin and carbenicillin, or a culture of 
Enterobacter that is susceptible to cephalothin), the culture 
should be streaked and checked for purity. In addition, both 
the identification and the antibiogram may have to be re- 
peated. 
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TABLE 7 Intrinsic antimicrobial resistance in some of the 
common Enterobacteriaceae 



Genus or species 



Most strains are resistant to: 



Buttiauxella species 
Cedecea species 

Citrobacier amalonaiicus 
Citrobacter freundii 
Citrobacter diversus 
EdwardsieUa tarda 
Enterobacter cloacae 
Enterobacter aerogenes 
Many other Enterobacter 

species 
Escherichia hermannii 
EuingeUa americana 
Hafnia alvei 
Klebsiella pneumoniae 
Kluyveraascorbata 
Kluyvera cryocrescens 
Proteus mirabilis 

Proteus vulgaris 

Morganella morganii 

Providencia rettgeri 



Other Providencia species 0 
Serratia marcescens b 



Serratia fonticola 
Other Serratia species 



Cephalothin 
Polymyxins, ampicillin, 

cephalothin 
Ampicillin 
Cephalothin 

Cephalothin, carbenicillin 

Colistin 

Cephalothin 

Cephalothin 

Cephalothin 

Ampicillin, carbenicillin 

Cephalothin 

Cephalothin 

Ampicillin, carbenicillin 

Ampicillin 

Ampicillin 

Polymyxins, tetracycline, 

nitrofurantoin 
Polymyxins, ampicillin, 

nitrofurantoin, tetracycline 
Polymyxins, ampicillin, 

cephalothin 
Polymyxins, cephalothin, 

nitrofurantoin, tetracycline 
Polymyxins, nitrofurantoin 
Polymyxins, cephalothin, 

nitrofurantoin 
Ampicillin, carbenicillin, 

cephalothin 
Polymyxins, c cephalothin 



0 Most strains of Providencia stuarm are also resistant to cephalothin and 
tetracycline. _ 

b Serratia marcescens can also be resistant to amptcilhn, carbenicillin, strepto- 
mycin, and tetracycline. 

e Resistance to polymyxins is common in Serratia species, but some strains 
have zones of 10 to 1Z mm or larger. 



Some of the material in this chapter was taken from or adapted 
from publications by authors from the Centers for Disease Con- 
trol and Prevention, including other chapters and reviews of the 
family . I thank these authors for allowing me to use this material 
with a minimum of editing and rewriting. Thanks abo to Robert 
Gaines, Hospital Infections Program, Centers for Disease Con- 
trol and Prevention, for providing the unpublished data in Table 
3 for 1992 to 1996 and to the many people who did biochemical 
testing of the cultures listed in Table J . 
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